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NEW YORK — (BUSINESS WIRE) --Feb. 8, 199?-- 

Telerate(SM) becomes the only financial 

information provider to offer clients real-time pricing 

and data from all six inter-dealer brokers 

Telerate, inc., an affiliate of Bridge information Systems, today 
announced an agreement with Govpx, inc. to carry the entire range of GovPX 
United States treasury market quotes. 

in providing GovPX prices alongside those already provided by Cantor 
Fitzgerald, Telerate becomes the only financial information vendor to cover 
all six inter-dealer brokers in the treasury securities market. / 

"with the addition of GovPX prices to its existing array of quotes 
from other fixed income markets, and a suite of analytical tools, Telerate 
becomes the ideal "one-stop 1 solution for traders and investors in the 
fixed income community," said John Jessop, president of Telerate, inc. "No 
other information source comes anywhere near matching Telerate's depth and 
breadth of information on treasuries." 

"we are very pleased to provide GovPX real-time benchmark Treasury 
prices, volume and data to Telerate customers," said Lawrence Leuzzi , 
chairman and CEO of GovPX, inc. "The availability of GovPX products through 
Telerate provides an exciting new distribution channel for GovPX, which 
will benefit fixed-income professionals who rely on Telerate." 

The new deal provides the Telerate workstations with GovPX offerings 
and the Repo index, which features repurchase agreement rates. 

GovPX provides 24-hour, worldwide distribution of benchmark U.S. 
Treasury information from the global trading activity of five of the six 
inter-dealer brokers' transactions among the primary Treasury dealers ^ 
designated by the Federal Reserve. Real-time prices are available for 
active and off-the-run Treasury Bills, Notes, Bonds, Basis, Money Markets, 
zero Coupons and Government Agency securities. GovPX provides the best bid 
and best offer, size yields, last trade side (hit/take) and last trade 
price for all active, wi and off-the-run issues. GovPX is the exclusive 
source of trading volume by issue, maturity, sector and total. 

The Repo index offers timely and comprehensive overnight repurchase 
agreement rates weighted by volume for on-the-run U.S. Treasuries and 
General Collateral. Additionally, it compiles overnight repo volume for 
trades transacted by participating brokers and dealers, plus intra-day repo 
updates at 8:10, 8:30, 9:00 and 10:00a.m., including market commentary and 
coverage of specials, off-the-run issues and term repos. 

GovPX, inc. was founded in 1990, by all the primary dealers and four 
inter-dealer brokers serving the treasuries securities market, its U.S. 
Treasury service provides real-time prices and volume for Treasury Bills, 
Notes, Bonds, Basis, Government Agency securities and zero Coupons, other 
GovPX services include End of Day Pricing for Treasuries , SwapPX, The Repo 
index and The GovPX Historical Database. These fixed income financial 
information products are available through a global network of market data 
vendors, digital information feeds and the internet. 

Telerate, Inc., formerly Dow Jones Markets, was acquired by Bridge 
Information Systems in May 1998 and is a wholly owned subsidiary of BRIDGE. 
Over twenty-five years ago, Telerate pioneered, electronic delivery of 
financial information in the fixed income markets. Today, Telerate, a 
leading provider of real-time financial information, is further enhanced by 
the integration of BRIDGE data and news into Telerate products, and the 
utilization of BRIDGE'S IP network and server architecture. 
COPYRIGHT 1999 Business wire 
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The Treasury Securities Market: 
Overview and Recent Developments 



Dominique Dupont and Brian Sack, of the Board's 
Division of Monetary A ffairs, prepared this article. 
Em Hie Archambeault provided research assistance. 

The market for U.S. Treasury securities is by many 
measures the largest, most active debt market in the 
world. At the end of September 1999, the amount 
of Treasury debt held outside federal government 
accounts totaled about $3.6 trillion, close to the 
amount of outstanding debt securities issued by all 
U.S. corporations combined. 1 Moreover, enormous 
amounts of Treasury securities are traded every busi- 
ness day. Over the first nine months of 1999, the 
primary dealers in government securities, which are 
among the most active participants in the market, 
together executed an average of $190 billion worth of 
transactions in the securities each day. 2 

The heavy trading is an indication of the pivotal 
role of U.S. Treasury securities in world financial 
markets. Investors of many types — commercial 
banks, investment banks, money market funds, insur- 
ance companies, individual investors, and foreign 
central banks, among others — use the Treasury mar- 
ket for investing and hedging purposes. Yields on the 
securities are widely viewed as benchmarks in the 
pricing of other debt securities and are analyzed for 
the information they might reveal about market par- 
ticipants' expectations about the future path of the 
economy and monetary policy. 

This article begins with a description of the struc- 
ture of the Treasury market, including the process by 
which securities are issued in the primary market and 
the mechanics of the secondary market. The determi- 
nants of investor demand for Treasury securities are 
then discussed in some detail. The article concludes 
with a discussion of several recent developments and 
emergent trends that have affected the market, includ- 
ing the advent of inflation-indexed securities, a reduc- 
tion in the issuance of Treasury securities, and shifts 



1. Corporate debt securities include corporate bonds and commer- 
cial paper outstanding and exclude debt and mortgage-backed securi- 
ties issued by federal agencies and government-sponsored enterprises. 

2. Source: Federal Reserve Bank of New York. 



toward electronic trading and alternative clearing 
arrangements. 

Overview of the Market 

The market for U.S. Treasury securities has a com- 
plex structure and involves numerous participants — 
the Department of the Treasury, the Federal Reserve 
System, government securities dealers and brokers, 
and other holders of Treasury securities. 

Scope of the Market 

The federal government finances its expenditures in 
excess of tax receipts through the sale of debt obliga- 
tions. Over the years, the Congress has delegated to 
the Department of the Treasury its authority under 
the Constitution to issue debt securities. The United 
States, initially as the Continental Congress, first 
incurred debt in 1776 when it borrowed funds to 
finance the Revolutionary War. 3 Total Treasury debt 
remained fairly small in the first half of the nine- 
teenth century but rose sharply with the Civil War 
and again with World War I (chart 1). After declining 
slightly, the debt increased nearly threefold during 
the Great Depression and exploded in the 1940s as 
the government financed expenditures related to 
World War II. From its postwar low in 1949, out- 
standing Treasury debt grew gradually for nearly two 
decades before accelerating at the time of the Viet- 
nam War and during the subsequent period of high 
inflation. In the 1980s, the growth of the stock of debt 
picked up further, spurred by the tax cuts and rapid 
increases in defense spending of the decade. 

In recent years, budget surpluses have halted the 
upward climb in the total amount of Treasury debt 
held outside government accounts. However, the 
overall magnitude of outstanding debt remains sub- 
stantial, a legacy of past budget deficits. At the end of 

3. Rafael A. Bay ley, The National Loans of (he United States of 
America from July 4, 1776 to June 30, 1880, as Prepared for the Tenth 
Census of the United States (Washington, DC: U.S. Government 
Printing Office, 1883). 
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I . Total outstanding Treasury- debt, 1 85 1-1999 
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Note. Data for 1 999 are through the second quarter. 
Source. U.S. Department of the Treasury. 

September 1999, the total par value of outstanding 
Treasury debt, including that held in government 
accounts, stood at about $5.6 trillion, or about 61 per- 
cent of the total annual output of the economy. This 
fraction, though considerable, is well below the peak 
after World War II (chart 2). 

Types of Treasury Securities 

Of the $5.6 trillion in outstanding debt at the end of 
September 1999, about $3.2 trillion was in the form 
of marketable securities — instruments that may be 
traded after their initial purchase. These securities are 
the focus of this article. New marketable securities 
are regularly offered in maturities ranging from thir- 
teen weeks to thirty years. Bills — securities having a 

2. Ratio of total outstanding Treasury debt to gross domestic 
product, 1930-99 




Notk. Data for 1 999 arc through the second quarter. 

Source. U.S. Department of the Treasury; U.S. Department of Commerce. 



maturity of one year or less — sell at a discount from 
their face value (par) and do not pay interest before 
maturity. Investors realize a return on bills from the 
increase in their price to face value at maturity. 
Notes — securities having an initial maturity of one to 
ten years — and bonds — securities having an initial 
maturity of more than ten years — offer investors 
semiannual interest payments, or coupons. 

More than half the marketable Treasuiy debt out- 
standing is in the form of notes, while bills and bonds 
each represent about 20 percent (chart 3). Some of 
the outstanding bonds are callable securities, which 
may be redeemed by the Treasury before their matu- 
rity; however, only noncallable securities have been 
issued since 1985. Most of the marketable debt out- 
standing (about 97 percent) is in the form of nominal 
securities — securities for which the coupon and 
principal payments are fixed in dollar terms. Since 
1997, the Treasury has also issued securities whose 
coupon and principal payments are indexed to the 
rate of inflation. (The indexed-securities program is 
described later in the section "Availability of a New 
Instrument.") 

The Treasury also issues a considerable amount of 
nonmarketable securities, which, in contrast to mar- 
ketable securities, may not be traded after their initial 
purchase. Nonmarketable debt is primarily in the 
form of Government Account Series (83 percent), 
State and Local Government Series (7 percent), and 
savings bonds (7 percent). Government Account 
Series securities are held mainly by off-budget gov- 
ernment programs, such as social security, which by 
law must invest accumulated surpluses in nonmarket- 



3. Distribution of marketable Treasury debt outstanding, 
by type of security, September 30, 1999 




Notes, 57% (1,828.8) ' 



Note. Numbers in parentheses arc amounts outstanding, in billions of 
dollars. 

Sourcr. Monthly Statement of the Public Debt of the. United States (U.S. 
Department of the Treasury), September 1999. 
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able Treasury securities. State and Local Government 
Series (SLGS) securities are Treasury securities 
offered to those governments as a result of 1969 
federal legislation restricting them from investing 
proceeds from tax-exempt bonds in higher-yielding 
investments; yields on SLGS securities are set on a 
case-by-case basis to make it possible for the pur- 
chaser to comply with that legislation, although the 
yields must be at least 5 basis points below the yields 
on marketable Treasury securities having comparable 
maturities. Savings bonds, which are issued in small 
denominations, are redeemable at any time after a 
short initial holding period. In addition to offering 
small investors an instrument for saving, some sav- 
ings bond series have special characteristics such as 
indexation to the rate of inflation and special tax 
exemptions on interest payments used to pay for 
qualified higher education expenses. 

Issuance of Treasury Securities: 
The Primary Market 

Marketable Treasury securities are issued through 
regularly scheduled auctions in what is called the 
primary market. The process importantly involves 
the Federal Reserve Banks, which serve as conduits 
for the auctions. 4 Because market activity is concen- 
trated in New York, the Federal Reserve Bank of 
New York coordinates much of the auction activity. 



Primary Dealers 

Approximately 2,000 securities brokers and dealers 
are registered to operate in the government securities 
market. 5 Although all these firms may bid at Treasury 
auctions, participation is typically concentrated 
among a small number of these firms, the primary 
dealers. Primary dealers are selected by the Federal 



4. This is one of several ways in which the Reserve Banks act as 
fiscal agents of the Treasury, as permitted by the Federal Reserve Act. 
Other fiscal agency services provided to the Treasury are 
detailed in Gerald D. Manypcnny and Michael L. Bcrmudcz, "The 
Federal Reserve Banks as Fiscal Agents and Depositories of the 
United States " Federal Reserve Bulletin, vol. 78 (October 1992), 
pp. 727-37. 

5. These firms are registered with the Securities and Exchange 
Commission, as required by the Government Securities Act of 1986, 
which establishes a comprehensive legal framework regulating all 
government securities brokers and dealers so as to ensure the integrity 
of the government securities market. The legislation focuses on the 
capitalization of brokers and dealers and grants the Treasury authority 
to develop and implement rules regarding transactions of government 
securities. The enforcement of these rules is delegated to existing 
regulatory agencies and self- regulatory organizations. 



Reserve Bank of New York as counterparties for 
open market operations (government securities trans- 
actions related to the Federal Reserve's implementa- 
tion of monetary policy), they are required to partici- 
pate meaningfully in both open market operations 
and Treasury auctions and to provide policy-relevant 
market information to the New York Reserve Bank. 
Along with the consolidation of the financial industry 
has come a decline in the number of primary dealers, 
from a peak of forty-six in 1988 to thirty as of 
October 1999. 



Auctions 

To foster liquidity in the market, the Treasury issues 
securities consistently and predictably through a 
regular schedule of auctions. The process begins 
several days before the scheduled auction when the 
Treasury announces the details of the upcoming 
issue, including the amount to be auctioned and the 
maturity date. After the auction is announced but 
before it takes place, investors begin trading the 
yet-to-be-issued security in what is called the when- 
issued market. Transactions in this market are agree- 
ments to exchange securities and funds on the day the 
new security is issued (although a considerable por- 
tion of when-issued positions are unwound before the 
issue date). The when-issued market allows new 
Treasury issues to be efficiently distributed to inves- 
tors and provides useful information to potential bid- 
ders about the prices the Treasury may receive at the 
upcoming auction. 

On the day of the auction, bids may be submitted 
to a Federal Reserve Bank or Branch or to the Trea- 
sury's Bureau of the Public Debt. Although all enti- 
ties may submit bids for their own accounts, deposi- 
tory institutions and registered government securities 
brokers and dealers may also bid on behalf of their 
customers. Many of these bids are entered through 
TAAPS (Treasury Automated Auction Processing 
System), an automated system for processing auction 
bids that was implemented in the early 1 990s. 

Two types of bids may be submitted at the auction. 
Competitive bids specify both the quantity of the 
security sought and a yield. 6 If the specified yield is 
within the range accepted at the auction, the bidder is 
awarded the entire quantity sought (unless the speci- 
fied yield is the highest rate accepted, in which case 
the bidder is awarded a prorated portion of the bid, 



6. At bill auctions, the bidder specifies a discount rate, described 
below, rather than a yield. 



788 Federal Reserve Bulletin □ December 1999 



as described below). Noncompetitive bids, which 
typically account for a small proportion of auction 
amounts in part because of restrictions on their size, 
do not specify a yield; instead, bidders agree to 
accept the yield determined at the auction and in 
return are guaranteed the amount of the security 
sought. 

In most auctions, noncompetitive bids must be 
submitted by noon and competitive bids by 1 :00 p.m. 
(all times are local New York time, unless stated 
otherwise). To determine the range of yields to be 
accepted, the quantities specified in all noncompeti- 
tive bids are summed and that total is subtracted from 
the total offered. Competitive bids are then accepted 
in ascending order in terms of their yields until the 
quantity of accepted bids reaches the quantity offered. 
Bids at the highest accepted yield, referred to as the 
stop-out yield, are prorated so that the total amount 
of bids accepted equals the total amount offered. 
The results of the auction are typically announced by 
1:30 p.m. 

Since November 1998, all Treasury securities have 
been auctioned according to the uniform-price 
method. 7 Each successful competitive bidder and 
each noncompetitive bidder is awarded securities at 
the price corresponding to the stop-out yield. Previ- 
ously, most securities had been issued according to 
the multiple-price method, meaning that securities 
were awarded at prices corresponding to the yield of 
each successful competitive bid. In such auctions, 
bidders must be concerned with the "winner's 
curse" — the tendency for a successful bidder to pay a 
price higher than the value assessed by other auction 
participants. 8 By mitigating the winner's curse, the 
uniform-price auction may elicit more aggressive 
bids, possibly increasing the Treasury's revenue. 

As of the end of September 1999, nominal Trea- 
sury securities were offered under the following 
schedule: $6.5 billion of thirteen-week bills and 
S7.5 billion of twenty-six-week bills auctioned 
weekly; $10 billion of fifty-two-week bills every 
four weeks; $15 billion of two-year notes monthly; 
$15 billion of five-year notes and $12 billion of 
ten-year notes quarterly; and $10 billion of thirty- 
year bonds semiannually. 9 The auctions of five-, ten-, 



7. Before that time, the Treasury conducted uniform-price auctions 
for some of its issues, including two- and five-year notes. See box 
"Regulatory Reforms." 

8. Vincent Reinhart, "An Analysis of Potential Treasury Auction 
Techniques," Federal Reserve Bulletin, vol. 78 (June 1992), 
pp. 403-13. 

9. These totals do not reflect quantities allocated to the Federal 
Reserve or to foreign official institutions. 



and thirty-year nominal securities are held around the 
middle of the quarter and are referred to as "midquar- 
ter refundings." Inflation-indexed notes and bonds 
are also brought to market quarterly. In addition to 
these regularly scheduled issues, the Treasury occa- 
sionally offers cash management bills — securities 
having very short maturities issued to bridge tempo- 
rary funding needs. The borrowing cost for cash 
management bills has tended to be a bit higher than 
that for regularly issued instruments. 10 

Instead of issuing a new security, the Treasury may 
add to, or reopen, an existing issue, allowing it to 
increase the outstanding amount of the issue. Securi- 
ties with larger amounts outstanding tend to be more 
liquid, making them more attractive to investors. The 
Treasury systematically reopens Treasury bills: Every 
fourth twenty-six- week bill is a reopening of a fifty- 
two-week bill (which is as often as possible given 
the auction schedule), every thirteen-week bill is a 
reopening of a twenty-six-week bill, and some cash 
management bills are reopenings of other bills. In 
contrast, the Treasury has only infrequently reopened 
notes and bonds; since 1990, about 20 percent of the 
auctions of ten-year notes and thirty-year bonds have 
been reopenings. The infrequency of reopenings of 
notes and bonds may be due partly , to an obstacle 
presented by the Internal Revenue Service's Original 
Issue Discount (OID) rule, which prevents the Trea- 
sury from reopening an issue trading at a price dis- 
count equal to or greater than 0.25 percent of par 
value per full year of remaining maturity. 11 On 
November 3, 1999, the Treasury issued a temporary 
rule allowing it to reopen securities within one year 
of issuance regardless of the size of the discount. 

The Treasury has adjusted the auction schedule 
over time in keeping with its changing financing 
needs (table 1). It has stopped issuing securities at 
those maturities it judged to be less popular with 
investors, preferring to concentrate issuance in fewer 
maturities in order to preserve the sizes of those 
issues. In particular, it canceled the twenty-year bond 
in 1986, the four-year note in 1990, the seven-year 
note in 1993, and the three-year note in 1998. It also 
recently reduced the frequency of issuance of the 
five-year note from monthly to quarterly and the 
frequency of issuance of the thirty-year bond from 
three times to twice a year by eliminating the Novem- 
ber auction. The Treasury has discussed possible 



10. David Simon, " Segmentation in the Treasury Market: Evi- 
dence from Cash Management Bills," Journal of Financial and Quan- 
titative Analysis, vol. 26 (March 1991), pp. 97-108. 

1 1 . The OID rule does not apply if the Treasury declares an acute, 
protracted shortage in a security. See box "Regulatory Reforms." 
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Frequency of auctions of Treasury securities, by maturity, 1 985- 
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Year 



Type of security 



13 -week 



26-wcck 



52-week 



2-ycar 



3-ycar 



4-year 



5-ycar 



7-ycar 



10-ycar 



20-year 



30-ycar 



1985 .... 
■1986 .... 
11987 
1988 .... 
1989 

1990 .... 

1991 .... 

1992 .... 

1993 .... 

1994 .... 

1995 .... 

1996 .... 

1997 .... 

1998 .... 
,1999 .... 



;Wcckly 



Weekly Every 4lh Monthly Quarterly;^ Quarterly Quarterly Quarterly Quarterly 

'•1 = . : ... . '\p^^^^^'J--,..y. ■': -. ^;x: : ;y:K; ; * ■ • . '[. ' ' '" None 



None : 



'* None " ■ 
(12/31/90) ' Monthly 
..... (1/31/91) 



i Quarterly 



None .. 
(4/15/93) 



(5/i5/98)|.iC : . ; V :; !y! ;:|(^iW8) ^ ■J|^:.^|& 



6x/yr (7/15/96) 
Quarterly 
(8/15/97) 



Quarterly 



Semiannually] 
(8/16/93) f 
T 

3x/yr (8/15/96) 



Semiannually 1 



Note. Date indicates when a security was first issued under a new schedule 
or. if discontinued, when a security was last issued. 

1. In August 1999, the Treasury announced that it would discontinue the 
November auction and issue 30-year bonds in February and August only. 



Source. Treasury Bulletin. 



future cutbacks in the issuance of one-year bills and 
two-year notes as well. 

Changes in the auction schedule have naturally 
affected the maturity of outstanding Treasury debt. 
The average maturity of marketable debt has varied 
considerably over the past three decades (chart 4). 
More recently, the maturity peaked at about ,six years 
at the beginning of the 1990s, after which the Trea- 
sury began to shorten the maturity in an attempt to 
reduce its borrowing costs. Over the past several 
years, the maturity has again begun to rise as a result 
of a reduction in the issuance of securities having 
shorter maturities (discussed in the section "Reduc- 
tion in the Supply of Nominal Treasury Debt"). The 
elimination of the November thirty-year bond auction 
may help counter this rise. 

4. Average maturity of marketable Treasury debt, 
1964-99 

- . ■" ' ". ' ' W-i> ' ' . " ■■ '' : : - ' . . Years : \ 




Note. Excludes inflation-indexed securities and holdings of the Federal 
Reserve. Data for 1999 arc through September. 
Source. U.S.- Department of the Treasury, 



Trading in Treasury Securities: 
The Secondary Market 

The market for government securities is an over-the- 
counter market in which participants trade with one 
another on a bilateral basis rather than on an orga- 
nized exchange. (Treasury securities are officially reg- 
istered at the New York Stock Exchange, but trading 
in that market is negligible.) Trading activity takes 
place between primary dealers, non-primary dealers, 
and customers of these dealers, including financial 
institutions, nonfinancial institutions, and individuals. 

Many dealers, particularly the primary dealers, 
"make markets" in Treasury securities by standing 
ready to buy and sell securities at specified prices. In 
the process of making markets, dealers purchase 
securities at the bid price and sell the same securities 
at a slightly higher price, the offer price. Through 
these sales and purchases, the dealer can facilitate 
transactions between customers while taking only 
temporary positions in the security. In doing so, the 
dealer earns the difference between the bid and offer 
prices, referred to as the bid-offer spread. 

In addition to transacting directly with customers, 
primary dealers frequently trade with one another. 
The majority of transactions between primary dealers 
and other large market participants take place through 
the six interdealer brokers. These brokers provide the 
dealers with electronic screens that display the best 
bid and offer prices among the dealers. Dealers can 
execute trades through an interdealer broker — either 
"hitting" a bid price or "taking" an offer price— for 
a small fee. In this structure, the interdealer brokers 
provide two important services: They disseminate 
price and trade information efficiently and provide 
anonymity to market participants. 
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2. Daily trading volume in Treasury securities, 1999:Q2 
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Note. The most active primary dealers are the six with the highest volume of 
transactions in each type of security during die quarter. 
Soukce. Federal Reserve Bank of New York. 



The thirty primary dealers are among the most 
active participants in the secondary market. In the 
second quarter of 1 999, they engaged in an average 
of SI 93 billion in transactions in Treasury securities 
each day (table 2) — about SI 05 billion with other 
dealers through interdealer brokers and the other 
S88 billion either with customers or directly with 
other dealers. 12 This activity is fairly concentrated: 
The six primary dealers with the highest volume of 
transactions in Treasury securities accounted for 
about 50 percent of the primary dealers' trading 
activity. 

Treasury securities can be traded almost around the 
clock (about twenty-two hours a day). Trading begins 
in Tokyo at 7:30 p.m. (New York time) and continues 
until 3:00 a.m., when it passes to the London mar- 
ket. 13 Trading in London continues until 7:30 a.m., at 
which time it begins in New York, where it continues 
until 5:30 p.m. Although market activity is world- 
wide, about 94 percent of the trading volume trans- 
acted through interdealer brokers takes place during 
New York trading hours, leaving about 4 percent and 
2 percent of volume during London and Tokyo hours 
respectively. 14 Moreover, according to market partici- 
pants, a significant portion of overseas trading occurs 
at times when trading operations are being shifted 
from one market to another. 15 Overseas markets for 



12. In comparing these figures, note that dealer-to-dealer transac- 
tions arc counted twice. 

13. To be precise, because Japan has not adopted daylight saving 
time, the market opens in Tokyo at 7:30 p.m. eastern daylight time or 
6:30 p.m. eastern standard time. 

14. Michael J. Fleming, "The Round-the-Clock Market for U.S. 
Treasury Securities," Federal Reserve Bank of New York, Economic 
Policy Review, vol. 3 (July 1997), pp. 9-32. This analysis is based on 
1994 data; preliminary analysis by the author using 1998 data does not 
suggest significant changes in the patterns of overseas trading of 
Treasury securities. 

15. Brian Madigun, and Jeff Stehm, "An Overview of the Second- 
ary Market for U.S. Treasury Securities in London and Tokyo," 
Finance and Economics Discussion Series 94-17 (Board of Gover- 
nors of the Federal Reserve System, Divisions of Research and 
Statistics and Monetary Affairs, July 1994). 



Treasury securities appear to be less liquid than U.S. 
markets; dealers reportedly post wider bid-offer 
spreads and stand ready to buy or sell smaller 
amounts of securities at the posted prices. 16 The final 
exchange of securities for cash (settlement) typically 
occurs in New York, regardless of where the transac- 
tion originated. 

Quoting Conventions 

Treasury coupon securities are quoted in terms of 
their price, expressed in dollars. The quoted price of a 
coupon security is the "clean price," which excludes 
accrued interest. When a transaction takes place, the 
purchaser must pay the seller the clean price plus the 
accrued interest, which is determined by the coupon 
amount multiplied by the fraction of the coupon 
period that has passed. 

The value of a Treasury coupon security is often 
expressed in terms of its yield to maturity, or yield, 
rather than its price. The yield on a Treasury security 
is the constant interest rate at which the present 
discounted value of future coupon and principal pay- 
ments equals the current price of the security. In 
effect, the yield represents the rate of return an inves- 
tor would earn if he or she held the security to 
maturity, assuming semiannual compounding of 
interest. By definition, the yield and the price move in 
opposite directions: An increase in the price implies 
that an investor must pay more today to receive the 
same, fixed payments in the future, and therefore the 
rate of return, or the yield, on the initial investment 
is lower. Although levels of yields are expressed in 
percentage points, researchers and market partici- 
pants often express changes in yields in basis points 
(hundredths of a percentage point). 

In contrast to coupon securities, Treasury bills are 
quoted in terms of a discount rate, which is the 
difference between the face value and the market 
price as a percentage of the face value, scaled to an 
annual rate assuming a 360-day year (that is, multi- 
plied by 360 and divided by the number of days 
remaining to maturity). The yield to maturity for a 
Treasury bill is the difference between the face value 
and the market price as a percentage of the market 
price, scaled to an annual rate using the actual num- 
ber of days in the year. 



16. Michael J. Fleming, "The Round-the-Clock Market for U.S. 
Treasury Securities"; also Market Liquidity: Research Findings and 
Selected Policy Implications, Committee on the Global Financial 
System, Bank for International Settlements (May 1999). 
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Safekeeping and Transfer of Securities 

Recordkeeping for Treasury securities is done in one 
of two ways. In one system, ownership and legal 
interests are recorded electronically, in a series of 
book-entry records on the books of the Federal 
Reserve Banks and depository institutions: The Fed- 
eral Reserve manages the National Book-Entry Sys- 
tem (NBES), which maintains records for depository 
institutions; depository institutions, in turn, maintain 
records for their customers. Alternatively, an investor 
can maintain a book-entry securities account directly 
with the Treasury through the Treasury Direct sys- 
tem. The securities held in Treasury Direct are pur- 
chased when originally issued and are typically held 
to maturity. 

Through the NBES, depository institutions can 
electronically transfer Treasury securities among 
themselves to settle their trades and the trades of their 
customers. Most of these trades are settled on a 
deli very- versus-payment basis whereby the securities 
are electronically deposited in the receiving insti- 
tution's account and the corresponding payment is 
simultaneously electronically deposited in the send- 
ing institution's account at the Federal Reserve. The 
depository institutions, in turn, adjust their custom- 
ers' records to reflect the transfer. 

To facilitate the settlement process, the Federal 
Reserve grants finality when securities transfers are 
completed over the NBES — that is, the payments 
associated with these transactions are final and irrevo- 
cable. In addition, the Federal Reserve, for a fee, 
provides intraday credit, commonly called daylight 
overdrafts, to financially healthy depository institu- 
tions. To limit the credit risk arising from such credit 
extensions, the Federal Reserve imposes limits, based 
on several factors, on depository institutions' day- 
light overdraft capacity. The Federal Reserve requires 
that depository institutions cover their daylight over- 
drafts by the end of the day. If a depository institution 
ends the day with a negative account balance, the 
institution incurs an overnight overdraft, which car- 
ries a much higher fee than a daylight overdraft. 

Because only depository institutions have access to 
the NBES, other buyers and sellers of government 
securities must use a depository institution as an 
intermediary. 17 Settlement activity is highly concen- 
trated in a few depository institutions known as clear- 
ing banks. Clearing banks tend to be very large 
organizations because sizable investments in com- 



puter hardware and software are necessary to handle 
the large flow of transactions. These banks also 
extend intraday credit to their customers, allowing 
them to overdraw their money accounts to pay for 
securities. To finance their intraday lending to cus- 
tomers, clearing banks rely on daylight overdraft 
credit from the Federal Reserve. The charges for 
daylight credit are then typically passed on by the 
clearing banks to their customers. 



THE DEMAND FOR TREASURY SECURITIES 

The supply of Treasury securities, as noted earlier, is 
largely a function of the need to finance the cumula- 
tive budget deficits of the U.S. government. The 
demand for those securities is determined largely by 
their usefulness for investment and hedging purposes. 



Treasury Securities in Investors ' Portfolios 

Treasury securities are held by various types of inves- 
tors, including domestic financial intermediaries such 
as depository institutions; institutional investors; state 
and local governments; international investors; and 
the Federal Reserve System, which participates 
actively in the market as part of its implementation of 
monetary policy (chart 5). 

The widespread holding of Treasury securities is 
an indication of several appealing characteristics. As 
with other fixed-income products, the payments on 



5. Distribution of Treasury securities, by ownership, 
March 31, 1999 
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1 7. Some government-sponsored enterprises also have access to 
the NBES. 



Note. Numbers in parentheses arc amounts, in billions of dollars. Excludes 
interest-bearing public debt held in U.S. government accounts (mainly invest- 
ments in the social security and federal retirement trust funds). For state and 
local governments, includes about $167.45 billion of nonmarketable Treasury 
debt. Institutional investors include insurance companies, mutual funds, and 
pension funds. 

Source. Treasury Bulletin, September 1 999, tables OFS- 1 , OFS-2. 
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The Treasury STRIPS Market 



Although regular coupon payments may suit the needs of 
some investors, others may prefer securities offering a 
single payment when the security ^matures. Thesej instru- 
ments, called zero-coupon securities; sell at a discount to 
their face value, allowing investors to realize a return from 
the increase in the price of the instrument to its maturity 
date. ■ - /^.'f v '"' 

In 1985 the Treasury initiated ^ program that^allows 
investors to split a Treasury note or fond into zero-coupon 
securities, or STRIPS, corresponding to each coupon pay- 
ment and the principal payment of the underlying security. 1 
For example, stripping a Treasury bond that has twenty 
years left to maturity generates forty coupon STRIPS, one 
maturing every six months for twentyyears, and one princi- 
pal STRIP maturing in twenty years. The final coupon 
STRIP and the principal STRIP are treated as distinct 
securities despite having identical maturity dates. Since the 
inception of the program, all newly issued ten-year notes 
and thirty-year bonds have been eligible for stripping.: The 
program was expanded in September 1997 to include all 
two-, three-, and five-year notes as well. 

The program also allows (as of 1987) the reconstitution 
of a stripped security from STRIPS matching all the securi- 
ty's coupon and principal payments. The principal payment 
needed to reconstitute a Treasury security must be gener- 
ated from the principal STRIP originating from the security 
being reconstituted. By contrast, the coupon payment stream 
may be created from coupon STRIPS derived from any 
security; that is, coupon STIUPS with the same maturity 
date are fungible. ^ ^ 



1. STRIPS is an acronym for Separate Trading of Registered Interest and 
Principal of Securities. 



The considerable interest in zero-coupon securities was 
evident long betbre the advent of the STRIPS program. 
Several investment banks began holding Treasury securities 
with custodians in special trust accounts and selling the 
components of those securities to investors. The STRIPS 
program made this process more efficient and cost-effective, 
as STRIPS could be registered in the Federal Reserve's 
book-entry system in the same manner as other Treasury 
securities. 

The total amount of STRIPS outstanding increased rap- 
idly following the introduction of the program, reaching 
$200 billion by 1993 before leveling out. Stripping activity 
has been concentrated in longer-term securities, possibly 
because stripping makes it possible to create Treasury secu- 
rities having longer duration than available from coupon- 
bearing Treasury securities, which may be of interest to 
investors having very long investment horizons. At the end 
of September 1999, about 32 percent of all outstanding 
Treasury bonds were held in stripped form. Stripping activ- 
ity has been more limited for securities having shorter 
maturities, in part because stripping simply replicates many 
of die zero-coupon securities that arc created by stripping 
longer-term securities. 

The STRIPS market is characterized by heavy flows of 
gross stripping and reconstitution activity, with an average 
of about $1 1 billion of securities stripped and reconstituted 
each month over the first three quarters of 1999. Stripping 
and reconstitution transactions can be implemented rela- 
tively quickly and-at very little cost, facilitating arbitrage 
between the markets. As a result, there is a relatively tight 
pricing relationship between a strippable Treasury security 
and its stripped components. 



nominal Treasury securities are specified in advance, 
providing the investor with a known stream of 
income. (Investors who prefer a single future pay- 
ment rather than a stream of coupon payments may 
instead hold STRIPS, described in the box "The 
Treasury STRIPS Market.") Fixed-income securities 
are often an important component of well-balanced 
portfolios that seek to minimize the variance of 
returns for a given expected return. 

Treasury securities are particularly appealing to 
investors because they offer greater safety and liquid- 
ity than other fixed-income securities. The payments 
of principal and interest on the securities are backed 
by the full faith and credit of the U.S. government. In 
light of the sound financial history of the federal 
government and its ability to raise substantial tax 
revenues, Treasury securities are considered to have 
the lowest risk of default of any major financial 



investment in the world. Moreover, the interest 
income derived from Treasury securities is exempt 
from state and local taxes. In addition, some Treasury 
securities are extremely liquid, which may be particu- 
larly important to investors engaging in hedging and 
other trading-intensive investment activities. Demand 
arising from such activities is not spread evenly 
across all Treasury securities but is concentrated in 
a limited number of issues with superior liquidity 
(as discussed in the section "Factors Affecting Indi- 
vidual Treasury Securities"). 

Liquidity is an important factor influencing the 
Federal Reserve's holdings of Treasury securities as 
well. The Federal Reserve tends to hold Treasury 
securities having maturities shorter than the average 
maturity of marketable securities held by other inves- 
tors, partly because securities having shorter maturi- 
ties tend to be more liquid and because it can fairly 



The Treasury) Securities Market: Overview and Recent Developments 793 



rapidly reduce the size of its holdings of such securi- 
ties, should it need to, by merely not replacing matur- 
ing holdings. The advantages of holding a liquid 
portfolio became evident in 1984 when the Federal 
Reserve had to sell a significant amount of Treasury 
securities to offset the massive influx of reserves into 
the banking system provided through a large volume 
of discount-window loans at the time. 18 The Federal 
Reserve reduced the maturity of its portfolio from 
about four years in 1985 to about three years in 1991. 
In. 1992, the Federal Reserve's policymaking commit- 
tee decided that the portfolio had reached a sufficient 
level of liquidity and instructed the trading desk at 
the Federal Reserve Bank of New York to keep the 
average maturity from falling further. In the follow- 
ing years, because of the paydown of Treasury bills 
outstanding, the average maturity crept back up to 
about four years.. 

Overall, Treasury securities may appeal to inves- 
tors seeking the safety and liquidity offered by those 
securities, and the securities' prices are determined 
by the value investors ascribe to those characteristics 
in the context of their investment strategies. 

Determinants of the Yield Curve 

The values of Treasury securities are often summa- 
rized by the yield curve, which plots the yields of 
all noncallable securities against their maturities. An 
example is the yield curve on September 23, 1999 
(chart 6). This curve has an upward-sloping, concave 
shape. Securities having maturities of less than five 
years are highly concentrated because shorter-term 



18. Cheryl L. Edwards, "Open Market Operations in the 1990s," 
Federal Reserve Bulletin, vol. 83 (November 1997), pp. 859-74. 



6. Yield curve for Treasury securities, September 23, 1999 




securities are auctioned more frequently and because 
many previously issued longer-term securities fall 
in that maturity range. The gap between noncallable 
securities having maturities of ten years and fifteen 
years arises because the Treasury switched from issu- 
ing twenty-year bonds to issuing thirty-year bonds in 
the mid-1980s. 

Securities having similar maturities tend to have 
similar yields because they offer fixed payments over 
similar periods. Securities having very different matu- 
rities are also linked. In particular, longer-term inter- 
est rates generally reflect expectations about the 
future path of short-term interest rates. This relation- 
ship, which is often referred to as the expectations 
hypothesis, arises because an investor can choose 
among several strategies, including purchasing a 
Treasury security whose maturity extends over his or 
her investment horizon or purchasing a short-term 
security and continuing to reinvest in that security 
(that is, roll it over) through the investment period. 19 
The former strategy offers a return equal to the yield 
on the longer-term security, whereas the latter offers 
a return determined, approximately, by the average of 
the yields on the short-term security over the invest- 
ment horizon. 20 Substitution between the two strate- 
gies tends to keep the expected returns from the two 
strategies close to one another, although not exactly 
equal because of differences in risk (discussed 
below). 

Yields on short-term Treasury securities are impor- 
tantly influenced by monetary policy decisions by the 
Federal Reserve. Under current operating procedures, 
the Federal Reserve sets a target level for the federal 
funds rate — the rate at which depository institutions 
make uncollateralized overnight loans to one another. 
Yields on short-term securities do not deviate sub- 
stantially from that rate because the institutions are 
able to substitute between making short-term loans in 
the federal funds market and purchasing Treasury 
securities having very short maturities. 21 

Longer-term yields, because they reflect expecta- 
tions of future short-term yields, can be significantly 
influenced by the outlook for monetary policy. For 



Source. Federal Reserve Bank of New York. 



19. The vast literature on the yield curve includes alternative 
versions of the expectations hypothesis as well as many criticisms. 
This article merely notes a general relationship between longer-term 
yields and expectations about future short-term interest rates without 
taking a stand on any particular variant of the expectations hypothesis. 

20. Rates on longer-term Treasury securities are actually related to 
a weighted average of future short-term rates, where the pattern of the 
weights is determined by the size of the coupon payment on the 
longer-term instrument. 

21 . The relationship between yields on short-term Treasury securi- 
ties and the federal funds rate is not exact, in part because of 
differences in tax treatment and credit risk, 
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7. Yield curve for Treasury securities 




Source. Federal Reserve Bank of New York. 



example, the yield curve was very steep on Febru- 
ary 2, 1994, prior to a sequence of monetary policy 
tightenings that hiked the federal funds rate target 
3 percentage points over the next twelve months 
(chart 7). In contrast, on June 16, 1989, yields on 
long-term bonds were below those on short-term 
securities before a sequence of policy easings that cut 
the target federal funds rate about Vh percentage 
points over the subsequent twenty-four months. 

Some differences in yields on Treasury securities 
are not related to expected future movements in inter- 
est rates. These differences for the most part reflect 
compensation for risk and are often referred to as 
term premia. Although they are viewed as free of 
default risk, Treasury securities involve interest rate 
risk, as movements in their yields generate capital 
gains or losses for investors. 22 The uncertainty sur- 
rounding the return from holding a Treasury security 



22. Some of the movements in yields may occur in response to 
expected changes in inflation. Unexpected movements in inflation that 
are not reflected in Treasury yields also present a risk to investors by 
eroding the purchasing power of the returns on the security. The risks 
presented by inflation are discussed in more detail in the section on 
inflation-indexed securities. 



3. Characteristics of selected Treasury securities, 
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Note. Data are for the most recently issued security in each maturity class. 
1 . Standard deviation of monthly holding returns expressed at an annual rate, 
assuming that monthly returns are independent across time. 

Source. Federal Reserve Bank of New York; authors' calculations. 



depends on the amount of variation in the yield on 
that security and on the sensitivity of the price of the 
security to changes in yields. The latter is determined 
by the duration of the security, which is given by a 
mathematical formula that summarizes how far into 
the future, on average, the payments of a security are 
to be made. The duration of a zero-coupon bond, 
because it makes only a single payment, equals its 
maturity. The duration of a coupon -bearing security, 
because it makes coupon payments before it matures, 
is less than its maturity. 

Longer-term bonds tend to have more interest rate 
risk because they have longer duration. Intuitively, 
the price of these securities must change more for a 
given change in yield because the change in yield 
must be realized over a longer period. The effects of 
longer duration are evident in table 3, which presents 
some summary statistics on yields and one-month 
holding returns (including coupon payments and 
capital gains or losses) for securities with differ- 
ent maturities. Yields tend to vary less as the securi- 
ty's maturity increases, indicating (according to the 
expectations hypothesis) that many of the movements 
in shorter-term yields are expected to be transitory. 
However, this pattern is more than offset by differ- 
ences in the duration of the securities, so that over 
the period considered, the standard deviation of the 
holding return for the thirty-year bond was nearly 
five times greater than that for the two-year note. 
Because investors typically demand a premium for 
bearing additional risk, longer-term Treasury securi- 
ties, on average, olfer higher yields than shorter-term 
instruments. 23 Indeed, for this sample the average 



23. The amount of variation in holding returns is not necessarily 
the measure of risk considered by investors. Most finance models 
indicate that the covariance of holding returns with the returns on 
other assets or with changes in consumption determines the risk 
premium on an asset. 
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yield on the thirty-year bond was more than a full 
percentage point higher than that on the two-year 
note. In general, the greater risk of holding longer- 
term securities imparts an upward-sloping shape to 
the yield curve. 

The expected return from holding a Treasury secu- 
rity depends not only on the level of its yield but also 
on the volatility of its yield. The reason is that the 
increase in the price of the security resulting from a 
decline in its yield is greater in magnitude than the 
decrease in the price resulting from a equal-size rise 
in its yield. If the uncertainty surrounding future 
yield changes is symmetric, potential capital gains 
will exceed potential capital losses, increasing the 
expected return. As a result, the yield on a Treasury 
security can fall below its expected return by the 
amount that is gained from the imbalance in potential 
returns. The magnitude of this effect — often referred 
to as the convexity premium — increases with the 
security's maturity. The convexity premium is often 
thought to add curvature to the shape of the yield 
curve by pushing down longer-term yields more than 
shorter-term yields. 

Factors Affecting 

Individual Treasury Securities 

Although the factors described in the preceding sec- 
tion largely determine the overall shape of the yield 
curve, there is also considerable variation among the 
yields on individual Treasury securities having simi- 
lar maturities. Some of this variation reflects addi- 
tional characteristics of the Treasury market that 
affect the yields of particular securities. 



Liquidity 

Overall, the Treasury market is extraordinarily liquid. 
Enormous amounts of securities are traded every day. 
Even counting only the transactions of the primary 
dealers, the value of the entire stock of marketable 
Treasury debt would turn over completely in about 
three weeks. The considerable trading volume allows 
market participants to move in and out of large 
Treasury positions rapidly with little effect on the 
prices of those securities. Because of the extensive 
trading and the high degree of competition and trans- 
parency among dealers, dealers typically make mar- 
kets in Treasury securities at narrow bid-offer 
spreads. Bid-offer spreads for Treasury securities are 
reported to be 1.6£ or less per $100 face value. By 
comparison, bid-offer spreads for investment-grade 



corporate bonds average about 13.30 and for high- 
yield corporate bonds, 1 9. 1 0. 24 

The liquidity of the Treasury market is not evenly 
distributed across securities, however. Most of the 
trading activity takes place in on-the-run issues — the 
most recently issued securities in a particular matu- 
rity class. The difference in trading volume between 
on-the-run securities and previously issued {off-t he- 
run) securities is striking. In recent years, more than 
half of reported interdealer broker trading in nominal 
Treasury debt, on average, took place in on-the-run 
securities, even though off-the-run issues outnum- 
bered on-the-run issues more than twenty to one. 25 

Because of the remarkable liquidity of on-the-run 
Treasury securities, some investors are willing to pay 
a premium for (that is, accept a lower yield for) those 
securities compared with similar, off-the-run securi- 
ties. The preference for liquidity was evident in the 
number of securities trading at yields that deviated 
from the rest of the yield curve on September 23, 
1999 (chart 6). Yields on recently issued five-, ten-, 
and thirty-year securities were well below those on 
off-the-run securities with similar maturities. In con- 
trast, some securities traded at yields notably above 
the curve, including long-ago-issued twenty-year 
bonds that are much less liquid. 26 At times, the mar- 
ket's preference for liquidity becomes acute, and 
spreads between on-the-run and off-the-run issues 
widen appreciably, as observed during the market 
turmoil in fall 1998 (see box "The Flight to Quality 
and Treasury Yields"). 



Hedging Demand 

Treasury securities are also commonly used as hedg- 
ing instruments, primarily to offset the interest rate 
risk inherent in positions in other fixed-income secu- 
rities. Dealers often have positions in other fixed- 
income products, including corporate debt securities 
and mortgage-backed securities, arising in part from 
their role in issuing and making markets in such 
securities. Dealers may also choose to establish large 



24. Figures for corporate debt securities arc from G. Hong and 
A. Warga, "An Empirical Study of Bond Market Transactions," 
Financial Analysis Journal (forthcoming). 

25. Volume data are collected by GovPX, a joint venture of 
primary dealers and some interdealer brokers that reports data on 
transactions taking place through five of the six interdealer brokers. 
Reported trading volume primarily captures dealer-to-dealer trades. 
Retail and institutional investors may trade off-the-run issues in 
greater proportion than dealers. 

26. Market participants may also be reluctant to hold the twenty- 
year bonds because institutional considerations may make it less 
appealing to purchase securities that have coupon rates well above 
current yields. 
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The Flight to Quality and Treasury Yields ; 

Trcasuiy securities generally have%wer yi • 
fixed-income products because of^&eir safety and liquidity. 
At times, the market's concern about risk and liquidity has 
become pronounced, resulting in a. "flight to quality" into 
Treasury securities despite their lower yields. ;: ; : 

Such a flight occurred in the fall of 1998. After the 
devaluation of the Russian ruble in August of that year and ; ; 
subsequent 'difficulties in other emerging-market econo- 
mies, investors' aversion toward risk appeared to intensify. 
That sentiment was reinforced by the prospect of a default 
by Long-Term Capital Management, a prominent hedge 
fund that in August and September had sustained sharp 
losses from its investment positions/ By generating sizable : 
■' losses for the firm *s counterparties and forcing >the,abr^t|j^ : - : 
unwinding of the firm's extensive positions in we Treasury " 
and other markets, a default could have significantly disi- 
rupted markets: 1 - : ^ 

Liquidity in many markets declined sharply over this 
period, with bid-offer spreads widening and large transac- 
tions . becoming more difficult to complete. Anecdotal ; . 
reports sug^st that bid-ofler spreads on Treasury securitiesj ; = • 
widened from their normal levels of 1 .60 or less per $100 to 
as high as 160 for on-the-run issues and 250 for ofl-the-run 
issues. Moreover, investors showed a dramatic preference 
for the greater liquidity offered by on-the-run issues. Yield 
spreads between the most recently issued and second most 
recently issued securities (the liquidity premium on oiiTthe- 
run securities) widened sharpiy, as investors were willing to' ; 
hold the more liquid securities at lower yields (chart). 

The increased concern about liquidity and the reduced 
willingness of investors to bear risk also caused a widening 
of spreads between other fixed-income securities and Trea- 
sury securities. The widening affected even highly rated 
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1. Hedge Funds, Leverage, and the Lessons of Long- Term Capital Man- 
agement, Report of the President's Working Group on Financial Markets 
(April 1999). 



Note. Data are daily and extend through October 1 999. 
Source. Bloomberg. 



debt. Market strains began to subside following the Federal 
Reserve ; mtermeeting policy easing on October 15, 1998. 
Soon thereafter, bid-offer spreads on Treasury securities, 
premiums for on-the-run issues, and yield spreads between 
governmen>sponsored enterprise and Treasury securities 
began to decline. 



positions in non-Treasury fixed-income products as 
part of their portfolio strategies. 

To hedge the interest rate risk associated with those 
positions, dealers frequently take short positions 
in Treasury securities. As described in more detail 
below, the short position is established by selling 
securities that the dealer does not own but instead 
borrows, with the intention of purchasing those secu- 
rities at a later time. By doing so, the dealer profits 
if yields rise, which could offset some of the 
losses incurred in long positions in other fixed- 
income securities. 

Several characteristics of Treasury securities make 
them well suited for hedging positions in other fixed- 



income products. Probably most important is their 
remarkable liquidity. Because their balance sheet 
positions can change rapidly, dealers want to be able 
to quickly alter their holdings of the hedging instru- 
ment in order to maintain the proper hedges. There- 
fore, a preferred hedging instrument is one that can 
be traded quickly and at little cost. A second char- 
acteristic is that dealers can readily establish short 
positions in these instruments at reasonable costs 
because the repo market in Treasury securities is 
active (discussed in the next section). 

Of course, Treasury securities and their derivatives 
do not offer a perfect hedge against movements in the 
value of other types of debt instruments. This became 
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apparent in the fall of 1998, when investors became 
increasingly concerned about the safety and liquidity 
of their investments. 27 The ensuing "flight to qual- 
ity" (see box) pushed down yields on Treasury secu- 
rities sharply relative to yields on corporate and 
mortgage-backed debt securities (some of which 
actually rose), generating large losses in short posi- 
tions in Treasury securities that were not offset by 
gains in other fixed-income securities. Since that 
time, market participants have evinced an increasing 
reliance on non-Treasury securities for their hedg- 
ing needs, including debt issued by government- 
sponsored enterprises. 

Related Markets 

The demand for Treasury securities is also impor- 
tantly affected by the markets for repurchase agree- 
ments and derivatives. 



Repurchase Agreements 

Dealers and other investors often establish short posi- 
tions in Treasury securities as part of their hedging 
activity or, more generally, as part of their portfolio 
strategies. To establish short positions, they sell secu- 
rities they do not own and deliver those securities to 
the purchaser by obtaining them in the market for 
repurchase agreements, the repo market. 

The repo market allows participants to exchange 
funds and securities on a temporary basis — in effect, 
borrowing and lending using Treasury and other debt 
securities as collateral. More specifically, a firm 
engaging in a repo transaction simultaneously sells a 
particular security to a counterparty and agrees to 
repurchase that same security at a specified price at a 
later date, often the next day. This firm is said to 
"repo out" the security, by which it borrows money 
at what is called the repo rate, which is based on the 
difference between the current price and the agreed-to 
future price. A reverse repo is simply the other side 
of the transaction — agreeing to purchase particular 
securities temporarily and to resell them to the same 
counterparty at a specified price at a later date. In this 
case, the firm "reverses in" the security. 

Investors can therefore deliver securities that they 
sold short by reversing in the securities repeatedly 
until they decide to cover the position by purchasing 



27. A Review of Financial Market Events in Autumn 1998, Com- 
mittee on the Global Financial System, Bank for International Settle- 
men Ls (October 1999). 



the securities outright. On the other side, investors 
frequently rely on the repo market to finance their 
long positions in Treasury securities by repoing out 
those securities. Partly as a result of these activities, 
trading volume in the repo market is heavy: Primary 
dealers reported about $1.2 trillion of lending and 
borrowing in the repo market on their balance sheets 
as of October 20, 1999. 

Most repo transactions involving Treasury securi- 
ties take place at what is called the general-collateral 
repo rate. This interest rate typically follows the 
federal funds rate closely, as depository institutions 
can use either market as a source of overnight financ- 
ing. 28 However, if the demand for a particular Trea- 
sury security in the repo market is sufficiently high, 
or if the supply of that security is limited, the repo 
rate for that security can fall below the general- 
collateral repo rate. In such a case, the security is said 
to go "on special" in the repo market. The firm 
reversing in the desired security is willing to pay a 
cost to obtain that security by letting the holder of the 
security borrow at an interest rate below the general 
market rate. 

This situation frequently arises in on-the-run Trea- 
sury securities, as these issues are heavily used in 
establishing short positions for hedging and other 
purposes, resulting in considerable demand for them 
in the repo market. The repo rate for the on-the-run 
ten-year note has often fallen several percentage 
points below the general-collateral repo rate (chart 8). 
Researchers have found that the "specialness" of an 
on-the-run issue — the difference between its repo rate 
and the general-collateral rate — tends to build follow- 
ing an auction as a larger proportion of the issue 
comes to be held by investors who do not make the 
security available to the repo market. The specialness 
typically peaks around the announcement of the next 
auction, after which it declines as short positions 
begin to shift to the next on-the-run issue. 29 In addi- 
tion to this regular pattern, other factors influence 
the specialness of these securities. For example, 
increased hedging activity around periods of heavy 
issuance of corporate debt or mortgage-backed secu- 
rities can lead to sizable short positions that cause 
particular securities to go on special in the repo 
market. 

Securities that are on special in the repo market 
frequently trade at lower yields (higher prices) than 



28. The main difference between the transactions is that a repo 
transaction is akin to a collateralized loan, whereas a federal funds 
transaction is an uncollateralized loan. 

29. Frank Keane, "Repo Rate Patterns for New Treasury Notes," 
Federal Reserve Bank of New York, Current Issues in Economics and 
Finance, vol. 2 (September 1996). 
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8. Overnight rcpo rates for Treasury securities, 1995-99 




Note. Data arc daily and extend from November 7, 1995, to October 22, Source. Federal Reserve Bank of New York. 

1999. 



other securities with comparable maturities, as is 
often the case for on-the-run Treasury securities. 30 If 
a security is on special in the repo market, holders 
can realize a profit by borrowing against the security 
at below-market rates; because this profit increases 
the return on the security for a given yield, investors 
may be willing to hold the security at a lower yield. 
However, investors that value the greater liquidity of 
on-the-run securities may be willing to hold them 
without repoing them out despite their lower yields. 

The patterns observed around Treasury auctions, 
which reflect the activity associated with bringing 
new issues to market, account for a significant por- 
tion of the movements in yields and repo rates for the 
most recently issued securities. However, extensive 
specialness in the repo market has at times also 
signaled severe shortages of particular Treasury secu- 
rities that have disrupted the effective functioning of 
the market for those securities. Several such short- 
ages took place around the time that Salomon Broth- 
ers admitted in 1991 to repeated violations of Trea- 
sury auction rules. In response, several regulatory 
and policy changes were implemented to prevent 
violations of auction rules and to alleviate such 
shortages if they develop (see box "Regulatory 
Reforms"). 

To facilitate transactions in the repo market, the 
Federal Reserve Bank of New York operates a securi- 
ties lending program that allows primary dealers to 
borrow individual Treasury securities from the Fed- 
eral Reserve's portfolio overnight by posting a differ- 
ent Treasury security as collateral. The program uses 



a competitive auction format. Under the current struc- 
ture, initiated on April 26, 1999, the Bank conducts a 
daily auction at which it accepts bids in terms of a 
"lending fee" for borrowing particular securities. 
When a bid is accepted, the particular security is 
delivered to the dealer's account. The dealer, in turn, 
delivers a different Treasury security to the Federal 
Reserve as collateral and pays the lending fee. The 
lending fee is closely related to the spread between 
the general-collateral repo rate and the repo rate for 
the borrowed security, because from the dealer's 
perspective the transaction is similar to repoing out 
a (general-collateral) security and reversing in the 
desired security. The minimum bid is 150 basis 
points, high enough that borrowing activity is limited 
to those securities that are scarce, and hence deeply 
on special, in the repo market. 

The Federal Reserve's portfolio of Treasury securi- 
ties as of October 31 of this year totaled $492 billion. 
By making a portion of these holdings available for 
borrowing, the securities lending program increases 
the potential supply of Treasury securities available 
to the repo market, which should help reduce the 
scarcity of particular issues. The Federal Reserve 
originally stood ready to lend up to 25 percent of its 
holdings of any security but on September 7, 1 999, 
increased the limit to 45 percent. Over the two 
months following the increase, dealers borrowed an 
average of about $1.4 billion of Treasury securities, 
typically distributed across several different securi- 
ties, every business day. 

Derivatives 



30. For a discussion of the repo market and its effects on Treasury 
yields, see Darrell Duffie, "Special Repo Rates," Journal of Finance, 
vol. 51 (June 1996), pp. 493-526. 



A large and active market exists for derivative securi- 
ties whose values are based on the prices of Treasury 
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Regulatory Reforms Following Violations of Auction Rules by Salomon Brothers 



Following the April and May 1 9? fereaiury auctions^ sev- 
eral widely publicized "short squeezes" occurred in the 
two-year note during which an apparent scarcity of the 
securities caused their yields and repo rates to fall substan- 
tially below those for other Treasury securities. The infor- 
mation available to the Treasury suggested that the May 
squeeze had resulted from a concentration of auction awards 
to Salomon Brothers and some of its customers. In addition, - 
there had earlier been inquiries into several Salomon Broth- 
ers bids at the February 1991 auction of the five-year note 
that appeared to violate the rule limiting the amount bid by 
a single bidder to 35 percent of the publicly offered amount. 

These events prompted investigations by the Securities 
and Exchange Commission (SEC) and the Ajititn^t:Pivi-; 
sion of the Department of Justice, leading Salomon Br^otii- 
ers to conduct its own investigation. In August 1991, the 
firm admitted to submitting unauthorized customer bids at 
several auctions in 1990 and 1991 and to failing to report 
large net long positions on auction tender forms as required. 
Subsequently, the Treasury, the SEC, and the Federal 
Reserve jointly reviewed the government securities;>marl^f^ 
and issued a report describing a number of policy arid 
regulatory changes aimed at improving the functioning of 
the market and avoiding such violations in the future: 1 
Some of the reforms were implemented immediately, and 
others were recommended for legislative approval. 

Many of the reforms were intended to make Treasury 
auctions accessible to more participants. The set of firms 
allowed to submit bids for customers was broadened to 
include all government securities brokers and dealers, 
not just primary dealers and depository institutions. The 
requirements for becoming a primary dealer were loosened 
by eliminating the rule that to qualify the dealer must 
account for at least 1 percent of the dollar volume of all 
customer trades in the secondary market. In addition^ the 
maximum for noncompetitive tender awards for notes and 
bonds was raised from $1 million to $5 million; however, to 
ensure that noncompetitive awards were reserved for the 
smaller bidders for whom they were, intended, noncompeti- 
tive bids were restricted to bidders having no positions in 
the when- issued, futures, or forward markets at me time; of 
the auction and not submitting competitive bids. ; 



1. Joint Report on the Government Securities Market (Washington, DC: 
Government Printing Office, January 1992). 



Omer: changes were aimed more directly at the enforce- 
ment of auction rules. Customer bids are now spot-checked 
by the Federal Reserve Bank of New York to ensure their 
authenticity, and all large auction awards are now confirmed 
directly with the customer. The report also emphasized the 
need to automate the auction procedure, which has since 
taken place- 

The report : also considered the benefits of replacing the 
then-cuaent - multiple-price auction system for notes and 
bonds with a uniform-price system, under which all success- 
ful bidders would be awarded securities at the lowest price. 
The report suggested that such a change might alleviate 
some concern among auction participants about bidding 
above the market consensus. Consequently, more investors 
might bid on their own rather than through primary dealers, 
reducing the primary dealers' advantage at the auctions that 
arises from knowing the bidding intentions of their custom- 
ers. The Treasury subsequently began an experiment with 
this auction method for two- and five-year notes. By 
November 1998, all Treasury securities were being auc- 
tioned on a uniform-price basis. 

In addition, some changes were implemented to detect 
and respond to short squeezes in the secondary market. A 
group made up of representatives of the SEC, the Treasury, 
the Federal Reserve Bank of New York, and the Board of 
Governors of the Federal Reserve System was established 
to improve surveillance efforts. The Treasury stated its 
intention to reopen any security that was experiencing an 
"acute, protracted" shortage in order to increase the supply 
of the security. The reopening could be implemented in 
several different ways, one of which is to immediately 
auction an amount sufficiently large to eliminate the possi- 
bility that the squeeze would persist. 
i ■/ Finally, the Congress enacted the Government Securities 
Act Amendments of 1993. Among other provisions, the 
amendments give the Treasury the authority to require 
holders of large positions in a particular security to report 
on their positions if a shortage emerges. The Treasury has 
conducted two tests of the reporting system, one in June 
1998 and the other in July 1 999. In both cases, the Treasury 
required investors with reportable positions in excess of 
%Vh billion in the specified security to file large-position 
reports. 



securities. Futures and options contracts for two-, 
five-, and ten-year notes and for bonds are listed by 
the Chicago Board of Trade (CBOT), and similar 
futures contracts are offered on the Cantor Financial 
Futures Exchange. In addition, the Chicago Mercan- 
tile Exchange offers options and futures on various 
Treasury bills and other short-term interest rate 
products. 



As of the end of October 1999, open interest for 
CBOT long-bond futures (that is, the total number of 
contracts held by market participants) was about 
635,000, with each contract based on $100,000 face 
value of the Treasury bond. Daily trading volume in 
these contracts over the month averaged about 
300,000 contracts. The CBOT also offers trading in 
options on Treasury futures (contracts that allow the 



800 Federal Reserve Bulletin □ December 1999 



holder to buy or sell a futures contract at a specified 
price). For options on long-bond futures, open inter- 
est totaled about 950,000 contracts and daily trading 
volume averaged about 130,000 contracts. Because 
of the liquidity of this market, combined with the 
ease with which investors can establish "short" posi- 
tions by selling futures contracts, these instruments 
are also commonly used for hedging purposes. 

The seller of a CBOT Treasury futures contract 
agrees to deliver a Treasury security to the purchaser 
of the contract at a specified price at a future date. 
Most positions in these futures contracts are closed 
out prior to delivery by entering into offsetting trades, 
and delivery does not take place. However, the possi- 
bility of delivery links the price of the contract to 
the deliverable Treasury securities. Typically, several 
securities are eligible for delivery into the contract. 31 
The long-bond futures contract, for example, allows 
any Treasury bond with more than fifteen years 
remaining to maturity at the expiration of the contract 
to be delivered (for the March 2000 contract, thirty- 
five such securities are eligible). 

One of the securities eligible for delivery is the 
"cheapest to deliver." That is, the cost to the seller of 
the futures contract of purchasing the security to 
make delivery will be lower than the cost of deliv- 
ering any other eligible security. The price of the 
contract is influenced primarily by the value of the 
cheapest-to-deliver security. Moreover, the cheapest- 
to-deliver status has at times significantly affected the 
yield of that Treasury security. In particular, the 
cheapest-to-deliver security is often traded more 
actively as market participants hedge their futures 
position, which enhances the security's liquidity. 
Because of this enhanced liquidity and because some 
investors may need to purchase the security to make 
delivery into the futures contract, the cheapest-to- 
deliver security may trade at a premium to Treasury 
securities having similar maturities. 



RECENT DEVELOPMENTS 
AFFECTING THE MARKET 

The structure and behavior of the Treasury market is 
continually changing. Some of the developments and 
emergent trends that have recently influenced the 
market are discussed in this section. 



31. Eligible securities trade at a premium or a discount to face 
value simply because of differences in their coupon rates. To adjust 
for this effect, the CBOT contract scales the invoice amount — the 
amount that the investor who is long the futures contract must pay 
upon receiving an eligible security — by a "conversion factor" for that 
security. 



Availability of a New Instrument: 
Inflation-Indexed Securities 

A significant innovation in the Treasury market in 
the past several years has been the introduction of a 
new type of debt instrument: Treasury inflation- 
indexed securities, or TIIS. 32 Since the program's 
inception in January 1997, about $92 billion of TIIS 
have been issued. 33 Unlike previously issued Trea- 
sury securities, the coupon and principal payments 
on TIIS increase with a measure of the general price 
level — the consumer price index (CPI). Indexation 
provides protection against the possibility that infla- 
tion will erode the amount of goods and services that 
could be purchased with the interest or principal 
payments. 



The Mechanics of TIIS 

Whereas the principal amount of a nominal Treasury 
security remains fixed in nominal terms, the principal 
amount on a TIIS adjusts over time by the rate of 
inflation. The value of the principal on a given day 
is calculated by multiplying the principal amount 
at issuance by a daily index ratio determined by a 
reference CPI for that day divided by the reference 
CPI on the day of issue. The reference CPI is based 
on the non-seasonally adjusted CPI lagged about two 
and one-half months, as published by the Bureau of 
Labor Statistics (BLS). 34 

If the average rate of inflation is positive, the 
principal amount of the TIIS generally rises over the 
life of the security. 35 Coupon payments will also 
increase in line with the rate of inflation, as coupon 



32. Several government-sponsored enterprises, corporations, and 
local governments followed the Treasury's lead by issuing indexed 
debt in early 1997. In addition, the Treasury began selling inflation- 
indexed savings bonds, called I-bonds, in September 1998. 

33. When adjusted for the accrual of inflation compensation, the 
total amount of TIIS outstanding is higher than this amount. 

34. Specifically, the CPI refers to the non-seasonally adjusted US. 
City Average All Items Consumer Price Index for All Urban Consum- 
ers. The reference CPI for the first day of a given month is the CPI 
reported for the third preceding calendar month, and the reference CPI 
for days over the rest of the month is a weighted average of the 
reference CPI figures on the first days of the current month and the 
following month. The lag involved in calculating the index ratio is 
unavoidable because the monthly CPI is released with a lag and the 
reference CPI for the beginning of the following month must be 
known. 

35. A period of deflation could decrease the principal amount of 
the TIIS. However, the TIIS program provides that the cumulative 
adjustment to the principal amount at the maturity of the security may 
not be negative. 
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payments on TIIS are determined by the specified 
coupon rate multiplied by the principal amount. The 
quoted prices of TIIS do not reflect the accumulated 
amount of inflation compensation; the value of the 
security exchanged when a TIIS is traded is the 
quoted price multiplied by the current index ratio 
plus the amount of accrued interest. 

TIIS do not offer perfect protection against infla- 
tion risk, for several reasons. First, TIIS holders face 
some inflation risk because of the lag involved in 
calculating the reference index. Second, holders pay 
taxes on inflation compensation, so the degree of 
inflation protection is reduced by an investor's tax 
rate. 36 In addition, TIIS holders face some risk that 
the method used to calculate the CPI will change. 37 
The BLS has implemented several methodological 
changes in recent years, partly in response to recom- 
mendations by the Boskin Commission, an advisory 
group appointed to study the CPI. Some market par- 
ticipants estimate that these changes have shaved 
about 0.7 percentage point from the index's annual 
rate of growth. Such a reduction directly affects the 
rate at which payments on TIIS increase, and hence 
the value of TIIS. The risk of additional changes in 
the method of calculating the CPI may result in a risk 
premium in TIIS yields; however, many market par- 
ticipants believe that most of the likely changes have 
already been implemented. 

The Potential Appeal of TIIS 

The protection against inflation provided by TIIS, 
previously unavailable in the Treasury market, may 
be valued by investors, who tend to be concerned 
about real rates of return (that is, about the amount of 
goods and services they will be able to purchase with 
the payments from a security). Because the payments 
automatically adjust to compensate for inflation, the 
yield on an inflation-indexed security reflects the real 
rate of return that would be realized over the maturity 
of the security. The yield on a nominal security, in 
contrast, includes not only the anticipated real return 
on the security, but also compensation for inflation. 
This inflation compensation includes the expected 



level of inflation as well as an inflation risk premium, 
as described below. 

By holding an inflation-indexed security to matu- 
rity, an investor can lock in a long-term real rate of 
return, a strategy that may be appealing to investors 
with long investment horizons. Investors with shorter 
horizons also can protect themselves against inflation 
by holding TIIS, although they are subject to real 
interest rate risk; that is, changes in TIIS yields will 
generate capital gains or losses that depend on the 
duration of the security. 

However, the risks from holding TIIS are likely to 
be smaller than those from holding nominal Treasury 
securities. In addition to real interest rate risk, returns 
on nominal securities are subject to the risks pre- 
sented by unpredictable changes in inflation. An 
increase in expected inflation, for example, typically 
causes yields on nominal Treasury securities to rise 
(assuming that investors demand the same real return 
going forward), generating capital losses for current 
investors. In contrast, TIIS would maintain the same 
real return without a change in yields, and thus hold- 
ers of TIIS would not suffer any capital losses. 38 By 
eliminating this "inflation risk," TIIS may offer more 
stable real returns than nominal Treasury securities. 

Thus, investors may demand a higher expected real 
return on nominal Treasury securities than on TIIS to 
compensate them for the additional risks of holding 
those securities. 39 By issuing indexed debt, the gov- 
ernment, rather than the investor, assumes the risks 
associated with unpredicted changes in inflation and 
therefore does not have to pay this " inflation risk 
premium" to the investor, which may lower the gov- 
ernment's cost of borrowing. 

An additional benefit of issuing TIIS, it has been 
argued, is that yields on indexed debt might provide 
policymakers with a timely and informative measure 
of market expectations about real interest rates. In 
that case, the difference between yields on TIIS and 
yields on nominal Treasury securities — the measure 
of inflation compensation on nominal securities — 
may contain valuable information about investors* 
outlook for inflation. This measure of inflation com- 
pensation reflects primarily the expected level of 
inflation over the maturity of the instruments plus the 



36. This effect is inconsequential if TIIS are held in nontaxable 
accounts. The taxation of the inflation compensation on TIIS is 
comparable to that for nominal Treasury securities, on which the 
inflation compensation (embedded in the coupon rate) is also taxed. 

37. If the CPI is discontinued or substantially altered in a manner 
that is deemed "materially adverse to the interests of an investor," the 
Treasury, in consultation with the BLS, will substitute an appropriate 
alternative index. However, incremental improvements in the CPI do 
not receive special treatment. 



38. In addition, TIIS protect investors from unexpected changes in 
inflation that are not reflected in nominal yields. Such changes would 
not generate capital losses on nominal Treasury securities but would 
still erode the real returns on those securities. 

39. The measure of risk considered here is the variation in real 
returns. Investors may instead be concerned about the covariance 
of returns with the returns on other assets or with changes in 
consumption. 
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inflation risk premium, but it may also be influenced 
by differences in the liquidity of the securities. 40 

The possibility that interest costs may be lower, 
along with potential attendant benefits, may explain 
why a growing number of countries are issuing 
indexed debt. Canada and France have launched new 
programs over the past decade, and a number of other 
countries, some with high and variable levels of infla- 
tion, had established indexed debt programs much 
earlier. The United Kingdom implemented its pro- 
gram in 1981, and as of September 1999 indexed 
gilts represented about 22 percent of all outstanding 
U.K. government debt. 41 By comparison, TIIS repre- 
sented about 3 percent of all marketable U.S. govern- 
ment debt at that time. However, because of the size 
of the U.S. Treasury market, the dollar amount of 
TIIS outstanding is approaching the dollar-equivalent 
amount of outstanding indexed gilts. 



Market Activity in TIIS 

To date, the Treasury has issued six inflation-indexed 
securities — one five-year note, three ten-year notes, 
and two thirty-year bonds. Each issue has been 
reopened once, leaving its total size roughly between 
S14 billion and $16 billion. Currently, the Treasury 
issues only ten- and thirty-year TIIS, alternating 
between the two maturities at auctions in the first 
month of every quarter. 

Activity in the secondary market for TIIS has 
remained moderate relative to comparable nominal 
issues. According to data for primary dealers col- 
lected by the Federal Reserve Bank of New York, 
daily trading volume in TIIS over the second quarter 
of 1999 averaged about 1 .7 percent of TIIS outstand- 
ing, compared with about 5.0 percent for nominal 
Treasury notes and bonds. The more limited activity 
in TIIS may reflect the nature of these securities: 
They provide safe, stable long-run returns and may 
therefore appeal to investors who are less inclined to 
trade their holdings actively. 

Other measures suggest that TIIS are somewhat 
less liquid than off-the-run nominal Treasury securi- 
ties 42 Discussions with some primary dealers indi- 
cate that bid-offer spreads on TIIS, in terms of prices, 
are typically about 1.60 to 6.30 per $100 face value. 



40. Differences in duration and convexity between THS and nomi- 
nal securities may also affect the yield spread. 

41. Quarterly Gilts Review: 3rd Quarter 1 999, United Kingdom 
Debt Management Office (October 1999). 

42. No distinction is made between on-the-run and off-the-run TIIS 
because there are no large differences in liquidity between those 
securities, as is the case with nominal Treasury securities. 



This spread is somewhat wider than bid-offer spreads 
for nominal Treasury securities, which are reportedly 
1.60 or less, but it is much narrower than bid-offer 
spreads for coiporate bonds. 

According to market participants, liquidity in the 
TIIS market is gradually improving. Aside from the 
pickup in volume during the market turmoil in the 
third quarter of 1 998, the volume of TIIS transactions 
among primary dealers reported to the New York 
Reserve Bank has been about 26 percent higher in 
1999 than in 1998, whereas the volume in nominal 
Treasury coupon securities has declined 12 percent. 
TIIS volume is concentrated around the auction 
cycle: Over the past four auctions, average daily 
volume during the four weeks after the announce- 
ment of an auction has been 92 percent higher than 
that during other weeks. Although the Chicago Board 
of Trade offers options and futures contracts on TIIS 
similar to those on other Treasury securities, market 
activity has been negligible. 



Yields on TIIS 

The first TIIS issued, a ten-year note, was auctioned 
on January 29, 1997, at a yield of 3.45 percent. Since 
then, the yield on the ten-year TIIS has generally 
risen to the current level above 4 percent (chart 9). 
Over that period, the yield on TIIS has been less 
volatile than that on the nominal ten-year security. 
On an average day, the ten-year TIIS yield changed 
less than 1 x h basis points, compared with more than 
4 basis points for the nominal security. In addition, 
the yield on the nominal security has moved in a 
much wider range of about 2'/2 percentage points, 
compared with about 3 A percentage point for the TIIS 
yield. 

The spread between these yields — the inflation 
compensation on the ten-year nominal Treasury 
note— fell over 1997 and the first half of 1998, along 
with the actual rate of CPI inflation and a survey 
measure of long-run inflation expectations among 
professional forecasters. However, the decline in 
inflation compensation was more dramatic than that 
of the survey measure, suggesting that some of the 
nairowing of the yield spread may have been driven 
by a decline in the inflation risk premium. 

Relative changes in yields may also be explained 
in part by differences in the liquidity of nominal 
securities and TIIS. In the fall of 1998, yields on 
nominal Treasury securities dropped sharply, pushing 
ten-year inflation compensation as low as 69 basis 
points. This dramatic narrowing of the yield spread, 
though it may have partially reflected a change in the 
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outlook for inflation, was undoubtedly driven by a 
shift in investors' preferences toward more-liquid 
assets, particularly on-the-run nominal Treasury secu- 
rities. Inflation compensation returned to higher lev- 
els in 1999 as the demand for liquidity lessened and 
inflation expectations rose. 

TIIS yields also appear to be significantly influ- 
enced by supply. In particular, seven of the fourteen 
largest daily changes in the ten-year TIIS yield over 
the period shown in chart 9 took place immediately 
before or after TIIS auctions. The largest movements 
in the ten-year nominal yields, by contrast, were all in 
response to either macroeconomic news or the reallo- 
cation into safe and liquid assets during the fall of 
1998. 



Reduction in the Supply 
of Nominal Treasury Debt 

In response to the budget surpluses of the past two 
years, the Treasury has decreased its securities issu- 
ance enough to shrink the amount of marketable debt 
outstanding. This development has several implica- 
tions for the Treasury securities market. 

Developments in the Treasury Bill Market 

After decades of increases, marketable Treasury debt 
outstanding has decreased over the past two years. 43 
Because the issuance of Treasury bills has been cut 
more sharply than that of Treasury coupon securities, 
the decline has not been evenly spread across the 
maturity spectrum (table 4). From December 1996 to 
September 1999, total coupon securities outstanding 
declined about 7 percent whereas total bills outstand- 
ing decreased about 16 percent. In association with 
the downtrend in supply, the average daily trading 
volume in bills reported by primary dealers declined 
about 44 percent over the period (chart 10). In con- 
trast, the average daily trading volume in nominal 
coupon securities reported by primary dealers in Sep- 
tember 1999, though off its peak of fall 1998, was 
only about 2 percent below its level in December 
1996. 

The decline in the amount of bills outstanding may 
have weakened the connection between yields on 
bills and those on longer-term Treasury securities. 44 



43. However, total Treasury debt, which includes securities held in 
government accounts, has increased over the period. 

44. Similar effects have been documented by Gregory R. Duffee, 
"Idiosyncratic Variation of Treasury Bill Yields," Journal of Finance, 
vol. 51 (June 1996), pp. 527-51. 



9. Yields on nominal and indexed Treasury securities 
and indicators of inflation, 1 997-99 



Yield (pcrccnl) 




, 1997 ' . , : . ; ■ 1998 1999 



Note. Yield data are based on most recently issued securities and extend 
through October 1999; yield spread is yield on len-ycar nominal securities less 
yield on ten-year TIIS. Expectations data and CPI data extend into the third 
quarter. 

I . Median expectation of CPI inflation over the next ten years among pro- 
fessional forecasters surveyed by the Federal Reserve Bank of Philadelphia. 

Source. Board of Governors of the Federal Reserve System, Federal Reserve 
Bank of New York, Bureau of Labor Statistics. 

The spread between the six-month yield implied by a 
smoothed yield curve based on coupon securities and 
the yield on the six-month bill has increased over the 
past four years (chart 10). Although bills have typi- 
cally commanded higher prices (lower yields) than 
coupon securities of similar maturities because of 
their greater liquidity, the recent increase in the 
spread is correlated with the decrease in the supply of 
bills and could suggest a scarcity premium on bills. 45 
Two conflicting effects may have been at play in the 
bill market: The reduction in issuance may have 
made bills less liquid, reducing their attractiveness 
relative to coupon securities; at the same time, the 
reduction in supply in the face of continuing strong 



45. For insights into the relation between the liquidity of bills 
and coupon securities and their yields, see Yakov Amihud and 
Haim Mendelson, "Liquidity, Maturity, and the Yields on U.S. Trea- 
sury Securities," Journal of Finance, vol. 46 (September 1991), 
pp. 1411-25. 
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4, Distribution of marketable Treasury debt outstanding, by maturity, 1994-99 

Billions of dollars 



Year 



Total outstanding 



Maturity class 



Bills 



Notes and ; bonds (remaining maturity) 



tc$s than 5 years 



5-10 years 



1 0 years or more 



1994 ...... 

1995 ...... 

1996 ...... 

1997 ...... 

1998 

1999 



*3?n 1 
3,292 
3,445 



.^271 
3,125 



734 
761 
777 
, 715 
691 
653 



1,749 
1,842 
1,823 

^ppM,69l' 
i 1,567 



320 
325 
338 
356 
349 
346 



451 
457 
488 
515 
540 
559 



Note. Data arc 
Excludes Treasury 
Bank series. 



for end of period; for 1999, data end on September 30. 
inflation-indexed securities (TIIS) and Federal Financing 



Source. Monthly Statement of the Public Debt of the United States, table III. 



investor demand may have enhanced their relative 
attractiveness, pushing their prices up and their yields 
down. 



1 0. Effect of the reduction in supply on the Treasury 
. bill market, July 1 994 -September 1 999 



BHIJoiw of iiolbrs Trillions of doll sirs 




1995 ' 19.96 1997 1998 1999 



Note. The data are monthly. The six-month yield on coupon securities is the 
yield implied by a smoothed yield curve based on Treasury coupon securities 
with remaining maturities ranging from a few months to several years. 

Source. Transactions, amounts reported by primary dealers to the Federal 
Reserve Bank of New York; outstanding amounts, Monthly Statement of the 
Public Debt of the United States; yield spread, authors 1 calculations. 



Treasury Debt Buybacks 

Faced with the prospect of continuing declines in the 
volume of debt outstanding, the Treasury has pro- 
posed a new tool for debt management. In August 
1999, it published for comment a proposed rule under 
which it could repurchase its own securities in the 
market. The Treasury expects to be able by early 
2000 to conduct buybacks should it decide to do so. 
The Treasury believes that the program would have 
three benefits. First, buybacks would allow it to main- 
tain the large size of new issues, a feature thought to 
promote greater liquidity. (As noted earlier, the Trea- 
sury has also concentrated issuance in fewer maturi- 
ties in order to preserve their size.) Second, it could 
use buybacks as a cash management tool, absorbing 
excess cash when tax revenues exceed immediate 
spending needs. And third, by concentrating the buy- 
backs on longer-term securities, it would be able to 
halt the recent upcreep in the average maturity of the 
debt. 

Under the current proposal, the buybacks would 
be implemented through "reverse auctions" in which 
the Treasury would announce the approximate total 
amount of the securities it wished to redeem and 
the particular securities that would be eligible. Bids 
would have to be submitted by or through primary 
dealers so that the Treasury could make use of the 
open market facility of the New York Reserve Bank. 
The total amount of bids accepted would not exceed, 
and could be less than, the announced amount of 
redemptions. 

Some market observers believe that buybacks 
could initially reduce yields on the targeted securities 
relative to those on more liquid issues. They argue 
that investors, knowing that they will periodically 
have an opportunity to sell them back to the Treasury, 
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may be less concerned about the lower liquidity of 
the targeted securities. However, some market partici- 
pants, in their comments about the proposed rule, 
have expressed concern that removing a considerable 
portion of an individual Treasury issue through a 
buyback could decrease the liquidity of the securities 
from that issue that remain in the market. 

Under current accounting rules for the federal bud- 
get, the buyback program could increase the reported 
level of federal spending in the short term. If the 
price at which a security is repurchased is above par, 
the premium would be counted as an interest expense 
in the year of the repurchase, although reported inter- 
est expenses in the future would decline. 

Debt Issuance 

by Government-Sponsored Enterprises 

To fill the gap left by a dwindling supply of Treasury 
securities, two government-sponsored enterprises 
(GSEs), Fannie Mae and Freddie Mac, in 1998 intro- 
duced new series of debt securities that in some ways 
mimic Treasury securities: Fannie Mae "benchmark" 
and Freddie Mac "reference" notes and bonds. GSEs 
are federally chartered, private institutions; their debt 
securities are not backed by the full faith and credit 
of the United States. However, debt securities issued 
by GSEs are perceived as being quite safe and typi- 
cally trade at yields only slightly above those on 
Treasury securities. 46 

By issuing securities regularly and in large vol- 
umes, these two GSEs appear to be structuring their 
issues so as to achieve the greater liquidity and 
benchmark status of Treasury securities, presumably 
to lower their financing costs. The two GSEs have 
also increased the predictability of the offerings by 
announcing issuance calendars in advance. More- 
over, the new securities are designed to appeal to 
international investors, as they can be electronically 
transferred through international clearing organiza- 
tions such as Euroclear and Cedel as well as through 
the NBES system. 

As of early November 1999, outstanding amounts 
of benchmark and reference securities totaled more 
than $150 billion, with maturities ranging from two 
to thirty years. 47 That month, the two GSEs intro- 
duced benchmark and reference bills programs 



46. Debt securities issued by GSEs are considered government 
securities for purposes of the Securities and Exchange Act of 1934. 
For details on legal provisions particular to GSE securities, see 
"Assessing the Public Costs and Benefits of Fannie Mae and Freddie 
Mac," Congressional Budget Office (May 1996), p. 10. 

47. Excludes callable benchmark and reference notes. 



arranging for regular auctions of securities with matu- 
rities of less than one year. 

Market participants characterize the liquidity of 
the most recently issued benchmark and reference 
notes as comparable to that of off-the-run Treasury 
securities. Indicative of their increased liquidity, 
benchmark and reference notes are actively used as 
collateral in the overnight repo market, although, 
reportedly, they are rarely used in term repo transac- 
tions. Benchmark and reference notes reportedly have 
begun to be used as substitutes for Treasury securities 
as instruments for hedging. Their yields have tracked 
yields on corporate debt and mortgage-backed securi- 
ties more closely than have yields on Treasury securi- 
ties, a characteristic traders have cited as an advan- 
tage for hedging purposes. The trading volume in 
GSE debt by primary dealers, however, amounts to 
only a fraction of their trading in Treasury securities. 

Trends in Market Structure 

The structure supporting the trading of Treasury secu- 
rities has changed in several ways in recent years. 
Market participants have relied more heavily on pri- 
vate clearing arrangements since the Federal Reserve 
began assessing a fee on intraday credit. More 
recently, market participants have also increased their 
use of electronic trading systems. 

Use of Alternative Clearing Arrangements 

In April 1994, the Federal Reserve began to charge a 
fee on daylight overdrafts, initially at an annual rate 
of 24 basis points and raised to 36 basis points in 
1995. Within six months after the fee was imposed, 
average daylight overdrafts fell 40 percent, from 
about $70 billion to about $43 billion. The decline 
was due partly to government securities dealers' deci- 
sion to arrange repo transactions earlier in the day 
and to deliver securities used as collateral more 
quickly to cover overdrafts generated by the repay- 
ment of maturing repos. As a consequence, trading 
activity in the repo market became more concentrated 
early in the morning, spurring the trading desk at the 
Federal Reserve Bank of New York to enter the 
market earlier to conduct open market operations. 
The desk moved its intervention time from about 
11:30 a.m. to 10:30 a.m. in January 1997 and to 
9:30 a.m in April 1999. Another change in market 
practice has been the growing use of tri-party repos, 
in which both parties to the transaction use the same 
custodian bank, so that the securities used as collat- 



806 Federal Reserve Bulletin □ December 1999 



eral are shifted from one account to the other without 
leaving the custodian bank, thereby reducing day- 
light overdrafts at the Federal Reserve. Tri-party re- 
pos also facilitate the back-office handling of the 
transactions. 

Market participants have also increased their use 
of netting arrangements, such as those offered by 
the Government Securities Clearing Corporation 
(GSCC). This industry service organization, estab- 
lished in 1986 and owned by market participants, 
provides centralized clearing and settlement services 
for outright and repo transactions in Treasury securi- 
ties and some GSE-issued securities. GSCC estab- 
lishes a single net position for each participant's daily 
trading activity in a given security by netting all cash 
and repo transactions and Treasury auction purchases. 
Netting may reduce the costs associated with securi- 
ties transfers by reducing the number of transactions 
and lowering daylight overdraft charges. 48 

GSCC guarantees the settlement of all trades 
entered in its system by interposing itself between the 
original trading parties and becoming the legal coun- 
terparty for settlement purposes. Were a firm to 
become insolvent, GSCC would use the participant's 
clearing fund and margin deposits to liquidate the 
member's positions. If those deposits were insuffi- 
cient to cover the liquidation of all positions, the 
remaining liabilities would be prorated among the 
participants who traded most recently with the failed 
firm. GSCC is used by primary dealers and other 
active market participants, who may value the 
confidentiality of brokered trades offered by the 
organization. 

Growth of Electronic Trading 

Participants in the Treasury market have typically 
arranged transactions by telephone. In recent years, 
however, advances in technology have enabled them 
to transact through electronic communication net- 



works. Electronic trading represents a small, though 
rapidly increasing, share of the aggregate trading 
volume of Treasury securities. Analysts estimate that 
the share of electronic trading in total trading activity 
in the Treasury market had risen from about half a 
percent on average in 1998 to about 2 percent to 
4 percent by fall 1999, still well below the share of 
equity trading done on line (reported to be about 
14 percent). 

In November 1 999, the Bond Market Association 
identified thirty-nine systems offering electronic 
transaction services in the U.S. market for govern- 
ment and private debt securities, up from twenty-six 
in 1998 and eleven in 1997. 49 In addition, some 
interdealer brokers have introduced or plan to intro- 
duce electronic systems (primarily) for the Treasury 
market. These systems offer the same anonymity of 
the current interdealer broker system but could drive 
down interdealer broker fees, quicken execution, 
and streamline the relation between the "front office" 
and the "back office." The development of electronic 
interdealer brokerage is poised to boost the market 
share of electronic trading of Treasury securities. 

Summary 

The market for Treasury securities is vast and serves 
important functions for numerous investors. The 
characteristics and behavior of the market are not 
static but instead evolve with the changing objectives 
and needs of both the Treasury and investors. This 
article has identified several important changes in 
recent years, including the introduction of indexed 
debt securities, a decline in budgetary needs, and 
changes in the way Treasury securities are traded. 
Although these and additional, unforeseen changes 
will continue to shape the Treasury market, the cru- 
cial role of Treasury securities in world financial 
markets is likely to remain unchanged. □ 



48. Heidi Willman Richards, "Daylight Overdraft Fees and the 
Federal Reserve's Payment System Risk Policy," Federal Reserve 
Bulletin, vol. 81 (December 1995), pp. 1065-77. 



49. eCommerce in the US. Fixed Income Markets: The 1999 
Review of Electronic Transaction Systems^ Bond Market Association 
(November 1999). 
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For the investor seeking safety of jprincipal with a guaranteed return, Strip Bonds 
are anHdealihvestment choice, g 'K- , \ 

What are Strip Bonds? .-, : " 

Strip or Zero Coupon Bonds are existing federal, provincial, municipal, or corporate bonds 
that have been separated < into their component parts (each interest payment and the single 
principal payment). These components are then made available to investors as new, 
individual securities, the StripfBond market consists of Coupons and Residuals, with 
Coupons representing the interest portion of the original bond and the Residual 
representing the principal portion. Both ; are generally appropriate for individual investors. 

%<& 

How do Strip Bonds "Work"? , : 'v, 

Strip Bonds are like Government Treasury Bills in that they pay no interest until maturity. 
Strip Bond prices depend on the current interest rate levels and fluctuate from day to day. 
Until maturity however, strip prices a re; 1 always below par ($100.00). The "interest" earned 
is the difference between the "discounted" purchase value and the stated maturity value. 

Regardless of how general interest rates fluctuate in the interim, the rate of interest (or 
yield) earned is guaranteed as long as the Strip Bond is held to maturity. Since there are 
no extra charges associated with a Strip Bond transaction, the quoted yield is the actual 
compounded semi annual (or annual) yield that you will earn throughout the life of the 
security if held to maturity. 

The table below gives a general indication of what an investor might expect to pay for a 
$10,000 face value Strip Bond in a number of different interest rate environments. 

' f . ; CURRENT VALUE OF $10,000 STRIPS 
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Strip Bpnds^ar|,available: in terr^ from less than 1 month to! over 50 

years; i jBotft Coupons and Resj§uals jjare handled on a book-based settlement system , 
whereby the physical securities . ; are helS on-bebalf of all holders by major trust companies 
or the Canadian:Depository for Securities (CDS), until maturity. 



What if I need to sell my Strip Bond before maturity? 



The prevailing level^ paid for a strip sold back before it 

mafureS%/^to1f/^ inverse relationship to its yield. 
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Overthe 4 past decade, the Strip Bond market in Canad&tia^fa^ size of over 

$160 billion and CI BC World Markets has established ftse/f^ premier 
Strip Bond trading and sales operations. CIBC World Markets maintains an active, liquid 
secondary market should you need to sell your Strip Bond holdings back for any reason. 

What About Taxes? 

Revenue Canada deems thafthe difference between the purchase value and the maturity 
value of a Strip Bond constitutes accrued interest. Thus, outside of a registered account, 
an annual interest value must be calculated and taxed accordingly, regardless of whether 
or not it has actually been received byghe investor. Since interest income is taxed at a 
higher rate than capital gains, Strip Bonds: are well suited to tax-deferred or tax-exempt 
accounts such as RRSPs. However, unde| certain circumstances, Strip Bonds can also 



benefit non-registered portfolios. 



f. ! Ah official Investment Dealers Association Stri| Bond Information Statement, outlining the 
| fllsicitax implications and characteristics ofiStnjp Bonds, is automatically sent to all clients 
| ijpon completion of initial purchase and is available to others upon request. 



How do: I Buy Strif| Bonds? _ ^;iu!^Ji^L.=:: 

Vyood iGupSy Private Client Investments Financial Consultants have full details on current 
rates and Offerings. Let one of them advise you on a term to maturity fbr your needs. 

, $g W : 

AfGREAT INVESTMENT TO MEET LONG TERM OBJECTIVES ^ - , v 

I I ll^yV'tft Strip Bonds, you can pre-determ ine your retirement assets today! , = r 

Strip Bonds [are well-suited to long-term investment-accounts where they can be held to 
maturity at a guaranteed yield. 
4 • Strip Boridsiarl available in, a variety of maturity dates that makes it easy to match your 
specific i n vSm ent|need s f ;. Fo r example, if you will be 65 in the year 2004, and! Want 
your secu ritils to matu re at that time, you can purchase a Strip Bond with a 2004 
maturity to meetthis requirement. v v 
• Strips are ideal* for^ RRS^-and RESRs accounts - which are long-term tax-deferral 
vehicles- and RRIFs, which haveispecific cash flow withdrawal requirements. 
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Thus 



The return on a Strip Bond investment is based on internal, semi-anr^ compounding. 
The total return to maturity of the Strip at 
the time of purchase. ' ] ; '\-'WSXMV^g^; "^^^^^^K^^BS^^ •• ■" 

Call a Wood Gundy PrivateiClient Investments Fina^ 

' : ... '"• ' " ! " r Consultant todayl ^or^^^-M : ; = 

, . will be pleased to demonstrate riow T 1 

I| ; < Strip Bonds can improve your- ; " ' 

. .% fixed I ncome returns. • ^ ft;/ Hrf^ - ; 

Research Disclaimer V . . , . 

This report is issued by (i) in Canada, CIBC World Markets Inc., a member of the IDA and CIPF, (ii) in the 
US, CIBC World Markets Corp., a member of the NYSE and SIPC, and (iii) in the UK, CIBC World 
Markets pic, which is regulated by the SFA. Any questions should be directed to your sales representative. 

Every province in Canada, state in the US, and most countries throughout the world have their own laws 
regulating the types of securities and other investment products which may be offered to their residents, as 
well as the process for doing so. As a result^ some of the securities discussed in this report may not be 
available to every interested investor. Accordingly,"this report is provided for informational purposes only, 
and does not constitute an offer or solicitation! to buy or sell any securities discussed herein in any 
jurisdiction where such would be prohibited, fjpfpart of any report may be reproduced in any manner 
without the prior written permission of CIBC World Markets. 

The information and any statistical data contained Herein have been obtained from sources which we 
believe to be reliable, but we do not represent that they are accurate or complete, and should not be relied 
upon as such. All opinions expressed and data provided herein are subject to change without notice. A 
CIBC World 1 Markets company or its shareholders, directors, officers and/or employees may have a long or 
short position or deal as principal in the securities discussed herein, related securities or in options, futures 
or other derivative instruments based thereon. A CIBC World Markets company may have acted as initial 
purchaser or placement agent for a private placement of any of the securities of any company mentioned in 
this; report,. may from time to time solicit from or perform financial advisory, investment banking or other 
services! for such company, or have lending or other credit relationships with the same. The securities 
mentioned in this report may not be suitable for all types of investors; their prices, value and/or the income 
they produce may fluctuate and/or be adversely affected by exchange rates. Since the levels and bases of 
taxation- can change, any reference in this report to the impact of taxation should not be construed as 
offering tax advice; as with any transaction having potential tax implications, clients should consult with 
their own tax advisors; Past performance is no guarantee of future results. 

Although each company issuing this report is a wholly-owned subsidiary of Canadian Imperial Bank of 
Commerce ("CIBC"); each is solely responsible for its contractual obligations and commitments, and any 
securities products offered or recommended to or purchased or sold in any client accounts (i) will not be 
insured by the Federal Deposit Insurance Corporation, the Canada Deposit Insurance Corporation or other 
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Market Trading Stmctteres and 
Asset Pricings Evidence from 
tlfoe Treasnary-BiM Markets 

Avraham Kamara 

University of Washington 



Earlier studies report significant price disparities 
between futures and forward or spot markets. Exam- 
ining the Treasury-bill markets, this article dem- 
onstrates that differences in market trading struc- 
tures explain these disparities. Treasury -bill futures 
rates contain significantly lower liquidity and default 
premia Of an do synthetic forward rates. This reflects 
the functioning of a futures 9 clearing association 
and differences between an open-outcry auction 
futures market and an over-the-counter dealer spot 
market. The same factors that make futures con- 
tracts nonredundant securities also explain the exis- 
tence, in equilibrium, of price disparities. 



The law of one price is a basic law of economics, and 
the absence of arbitrage is a fundamental principle of 
finance. Yet it appears that significant arbitrage oppor- 
tunities between futures and forward or spot markets 
persist [Capozza and Cornell (1979), Rendleman and 
Carabini (1979), and Elton, Gruber, and Rentzler (1984), 
among others]. 1 Although the issue has been studied 
extensively, empirical studies have found no explana- 
tion, consistent with rational traders, that explains these 
price disparities. This article provides such an expla- 
nation. 
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Two theoretical explanations have been advanced for the existence of 
these price disparities. First, forward contracts call for a single payment 
on the delivery day, whereas futures contracts are marked to the market 
daily and the gains and losses are realized in full each day. Cox, Ingersoll, 
and Ross (1981), Jarrow and Oldfield (1981), Richard and Sundaresan 
(1981), and French (1983) show that the daily cash flow stemming from 
the marking to market of futures contracts can cause equilibrium futures 
and forward rates to differ. We refer to this as the differential cash flow 
hypothesis. However, the empirical evidence [Rendleman and Carabini 
(1979), French (1983), Cornell and Reinganum (1981), and Elton, Gruber, 
and Rentzler (1984)] is that these effects are too small to explain the 
observed price disparities. 

Second, profits in the futures and spot markets are taxed differently. 
However, Cornell (1981) notes that professional arbitrageurs are taxed 
identically on profits in either market, and it seems likely that professional 
arbitrageurs are the marginal traders because they tend to have the lowest 
transaction costs. For this reason, Cornell argues, taxes are not likely to 
account for the existence of arbitrage profits between spot and futures 
Treasury-bill markets. 

This article advances the differential market structure hypothesis, which 
postulates that the observed price disparities primarily represent differ- 
ences in expected liquidity (immediacy) and default risk premia owing to 
differences in trading structures. 2 First, futures contracts are traded in an 
auction market on an organized exchange with an open-outcry system. 
Forward contracts, on the other hand, are traded in a secondary over-the- 
counter dealer market. The cost of liquidity (immediacy) for most traders 
is usually lower in futures contracts than in forward contracts. Second, the 
futures exchange has a clearing association that serves as a guarantor of 
all futures contracts and reduces the default risk significantly. Forward and 
spot markets do not have a clearing association. The differential market 
structure hypothesis postulates that, in equilibrium, the liquidity and default 
premia embedded in futures rates of return are lower than those embedded 
in forward rates of return. 

The empirical results presented below provide strong support for the 
differential market structure hypothesis. Regressions of spreads between 
rates on synthetic forward and futures contracts on Treasury bills, on liq- 



1 Synthetic forward contracts are created in the spot market using the underlying financial instrument. For 
example, a long synthetic forward contract on a 91 -day Treasury bill with N days to delivery is created by 
purchasing (TV + 9l)*day spot Treasury bills and financing it by short-selling N-day spot Treasury bills. A 
short synthetic forward contract is created by a reverse strategy. For our purposes, there is no need to 
distinguish between forward and synthetic forward contracts, unless otherwise required. The comparison 
of futures and synthetic forward contracts on Treasury bills is consistent with virtually all the literature on 
arbitrage profits in the Treasury-bill markets. 

2 Telser and Higinbotham (1977), Burns (1979), Kane (1980), Telser (1981), Garbade (1982), Houthakker 
(1982), Edwards (1983), and Brennan (1986) discuss the implications of the futures' clearing association 
on the liquidity, default, and cost of trading futures and forward contracts. Garbade (1982), Silber (1984, 
1985), and Grossman and Miller (1988) discuss the determinants of liquidity in futures, forward, and spot 
markets. 



358 



Market Trading Structures and Asset Pricing 



uidity, and on default premia proxies reveal that forward-futures spreads 
contain significant liquidity and default premia. 

In the absence of transaction costs, taxes, and other institutional rigid- 
ities, financial futures contracts would be redundant because the same 
position could be achieved by trading the underlying spot financial instru- 
ment rather than futures contracts. However, if transaction costs are lower 
in futures markets, then many trading strategies, hedging and nonhedging, 
will be executed using futures markets. The transaction advantages of 
futures contracts over synthetic forward contracts are shown to be positively 
related to the volatility of the rate of return on the underlying instrument. 
This explains the success of financial futures markets in the late seventies — 
a period of very volatile interest rates. Thus, the same factors that make 
futures contracts nonredundant securities also explain the existence, in 
equilibrium, of price disparities, 

The futures and forward trading structures are briefly discussed in the 
next section. The differential market structure hypothesis is developed in 
Section 2. The empirical evidence is presented in Section 3. The main 
conclusions are in the final section. 



1. The Trading Structures of Forward and Futures Contracts 

At the end of every business day the futures' clearing association interposes 
itself between the two parties to a futures contract, assuming the opposite 
side of each transaction. The clearing association also serves as a guarantor 
of every futures contract. The effect of this is to make the contracts traded 
in futures markets "impersonal," unlike forward contracts, which are bilat- 
eral agreements among traders. Moreover, the futures' clearing association 
employs a costly system of safeguards to assure the financial integrity of 
futures contracts. These safeguards limit the default value on any futures 
contract to a single-day change in the futures price. The value of defaulting 
on a forward contract, on the other hand, is equal to the price change over 
its whole life. 3 Thus, the clearing association reduces the liquidity and 
default risks of futures contracts relative to forward contracts. 

The cost and benefits of these safeguards depend on the creditworthiness 
of the traders. Traders with adequate creditworthiness can trade forward 
contracts without costly safeguards but still bear the cost of monitoring 
the solvency of the other party. Traders whose creditworthiness is inade- 
quate for them to trade in forward contracts face a lower cost of entry into 
the futures market. By expanding the pool of traders, a futures market can 



5 This is not true for synthetic forward contracts that are created using collateralized repurchase agreements 
that are marked on a periodic or a discretionary basis. Note that in every repurchase agreement, no matter 
how the collateral is determined, both the lender and the borrower are exposed to default risk. Major 
defaults on repurchase agreements in our sample period include Drysdale and Lombard-Wall in 1982. 
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provide sufficient liquidity to attract even traders with well-established 
credentials. 

In any market traders face the risk of a possible adverse price movement 
in the period prior to the execution of a trade. Delayed execution is espe- 
cially costly if a transaction is highly leveraged, as forward and futures 
market transactions are. In competitive dealer (forward) markets traders 
must search for the opposite side of a transaction and for the "best" price, 
whereas in auction (futures) markets, buyers and sellers trade with each 
other in a single location (the pit), and under the open-outcry system of 
futures exchanges an incoming order is simultaneously presented to all 
market participants. In addition, the rules of the futures exchanges assure 
that all bids and offers receive equal attention, and these rules virtually 
eliminate the cost of searching for the "best" price. First, there is no "all 
or nothing" order in futures trading, so that large and small orders are 
fully integrated. Second, there is a strict price priority, so that sales occur 
at the highest bid price and purchases occur at the lowest ask price. 4 

2. The Differential Market Structure Hypothesis 

The equilibrium relation between the prices of exactly matching futures 
and forward contracts depends on the possibility of arbitrage between the 
contracts, and price differences that are due to default and liquidity dif- 
ferences between futures and forward contracts do not represent arbitrage 
opportunities. 5 Because both buyers and sellers of forward and futures 
contracts face liquidity and default risks, the futures price can be higher 
or lower than the synthetic forward price. Yet, in the case of Treasury bills, 
Deardorffs (1979) "one-way arbitrage" methodology can be used to show 
that futures prices will, under certain assumptions, be higher than synthetic 
forward prices in equilibrium. We shall make the following assumptions: 

1. There exist TV-day and (TV + 91) -day spot Treasury bills as well as a 
futures contract calling for delivery, TV days ahead, of one 91-day Treasury 
bill. 6 All bills have a face value of one dollar. 

2. Futures contracts are not marked to market. That is, the costs of buying 
or selling futures contracts are incurred, in full, on the delivery date. 7 



4 Even if the search cost of marginal investors in purchasing spot Treasury bills is lower than in trading 
futures contracts, their search cost of short-selling spot bills is higher than in trading futures. [Evidence 
that the search cost of short-selling Treasury securities is higher than that of buying them is reported in 
Garbade and Silber (1976).] 

' An investor who attempts to arbitrage between futures and forward contracts faces liquidity risk while one 
side of the transaction is open. A delay of even a few seconds can become critical (see Grossman and 
Miller (1986)]. 

6 Sellers of Treasury-bill futures contracts may deliver the deliverable bill on any of three (predetermined) 
successive business days. We ignore this delivery timing option based on Gay and Manaster (1984, 1986), 
who report that it is of little value in commodity and financial futures markets. 

7 This assumption is based on Elton, Gruber, and Rentzler (1984), who report that the estimated cost of 
daily marking to market of near-maturity Treasury-bills futures contracts is negligible. 
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3. Investors (marginal arbitrageurs) are taxed identically on profits in 
spot and futures markets [Cornell (1981)]. 

4. The cost of buying or selling an asset is proportional to the asset price. 

Consider a portfolio of two spot Treasury bills that has the same char- 
acteristics as a futures contract and a portfolio of a spot Treasury bill and 
a futures contract that has the same characteristics as the other spot Treasury 
bill. Assume that market participants are aware of these substitute portfolios 
and the one-way arbitrage opportunities they offer and that they always 
choose the least costly way of acquiring the payoff they desire. Transactions 
will then take place in a particular market only if the costs of directly using 
it are not higher, for both demanders and suppliers, than the costs of the 
one-way arbitrage alternatives. These one-way arbitrage opportunities may 
be used to derive a relation between futures and synthetic forward prices 
that is consistent with a market equilibrium in which supplies and demands 
in both the spot and futures markets are positive. Define: 

Pft<— The certainty-equivalent cost of buying asset /, where Pf is 
the asset's current ask price and t f is one plus the certainty- 
equivalent transaction cost 8 
Pf/t { — The certainty-equivalent net proceeds from selling asset i, 
where Pf is the asset's current bid price 
Pf/(t f d}) — The certainty-equivalent net proceeds from short-selling asset 
i t where d, is one plus the additional certainty-equivalent cost 
of short-selling 

Let i = jVand N + 91, where TV and N + 91 represent W-day and (TV + 90- 
day spot Treasury bills respectively. The costs of buying and short-selling 
futures contracts are identical, and because futures prices are transaction 
prices or averages of bid and ask prices, we define 

P F t F — The certainty-equivalent cost of taking a long position in a futures 

contract, where P F is the current futures price 
P F /t F — The certainty-equivalent net proceeds from shorting a futures 
contract 

Consider an investor who wishes to go long in a futures contract. Trans- 
acting directly in the futures market will cost $P F t Fi paid in full on the 
delivery day. (All costs henceforth are in certainty-equivalent terms.) Alter- 
natively, the investor can buy one (N + 91)-day spot bill and finance it by 
selling or short-selling A^-day spot bills. Suppose that the investor does not 
own W-day bills. Then the investor buys one (N + 91) -day bill at a cost of 



8 The term (t, - 1) can be thought of as embodying the certainty-equivalent liquidity cost of searching for 
the "best" price, whereas the term (d, - 1) can be thought of as embodying the additional certainty- 
equivalent liquidity, default, and borrowing costs of short-selling. (If marginal arbitrageurs borrow Treasury 
bills using repurchase agreements that are resettled periodically, their borrowing cost is unknown.) We 
approximate [1 - (r, - 1)] by l/f,and [1 - {d t - 1)] by 1/4 for mathematical tractability. Deardorff (1979, 
fn. 7) shows that when the cost is a small percentage, the difference between \/t, and [1 - (/, - 1)] is 
negligible. 
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Table 1 

Costs, In dollars, of alternative ways of acquiring one 91 -day Treasury-bill futures contract with 
TV days to delivery by investors who do not own Mday Treasury bills 

Cost on 
maturity 
date of 
deliverable 
Treasury 
Cost on delivery date bill 
Cost on of futures contract (N + 91 

Transaction on current date current date {N days later) days later) 



Direct strategy 

Go long one futures contract 
Alternative strategy 

Buy one (N + 91)-day spot Treasury bill 

Short-sell (PU 9 ,t N + 9 0{t N d,J P%) 

TV-day spot Treasury bills 

Total cost of alternative strategy 



1 N+9l l N+9\ 
~ Pn+9\?N+91 

0 



p,t e 

0 

(p: 



AH-91 'N+91 



){tMP%) 



-l 
-l 

o 
-l 



l^v+9i'/v+9i and short-sells {P A N ^t N+9x ){t N d N /P%) TV-day bills. Table 1 illus- 
trates the costs of these strategies. 

Comparing these costs, it follows that demanders of future Treasury bills 
who do not own TV-day bills will use the futures market only if P F t F < 
^ + 9iW9i(^v^/^^). Rearranging, we obtain 

Recalling that the net proceeds from the sale of a bill already owned is 
— , the necessary condition for direct use of the futures market by demand- 
ers of future bills who already own N day bills is 

F ~ pb t KL) 

r N l F 

The necessary conditions for direct use of the futures market by suppliers 
of future Treasury bills and for direct use of the spot Treasury-bill markets 
by either demanders or suppliers of /V-day bills or (N + 91) -day bills are 
derived in a similar way in the Appendix. 

Analyzing the empirical characteristics of price dispersion in Treasury 
securities markets, Garbade and Silber (1976) reported that the cost of 
searching for the "best" bid and ask prices increases with maturity. In 
addition, to the extent that the structure of bid and ask quotes of a single 
dealer and the structure of bid and ask price spreads estimated by Capozza 
and Cornell (1979) and Elton, Gruber, and Rentzler (1984) can be used 
as proxies for the structure of liquidity cost, an examination of quote sheets 
of a major financial intermediary from 1976 to 1984 as well as these studies 
suggest that liquidity cost increases with maturity and that for the nearest- 
to-delivery futures contract studied below, t„ +9l > t N t F , Thus, we can make 
the following assumption: 
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Assumption 1. t N+91 > t N t F . 

Assumption 1 implies that forward rates will be above futures rates if 
transactions are to take place simultaneously in the two spot markets and 
the futures market. More formally, 

Proposition 1. Under Assumption 1, equilibrium with transactions in all 
three markets, the Treasury bill futures market, the spot market for N-day 
Treasury bills, and the spot market for (N + 91)-day Treasury bills is 
possible only if 

Proof For t N+9l > Vf> condition (A8) in the Appendix implies that there 
would be a positive demand for (TV + 91)-day spot bills only if P F > 

pA pA 

" +91 . Hence, the relation P F > N * A 9X is necessary for equilibrium with 
transactions in all three markets. Conditions (A9) and (All) imply that a 

pA 

positive supply of (AT + 91)-day spot bills is possible when P F > . 

Similarly, conditions (1), (2), and (Al) to (A7) imply that positive supplies 
and demands for futures contracts and TV-day spot bills are also possible 

when 

The basis of Proposition 1 is that under Assumption 1, the purchase of 
an (TV + 91) -day Treasury bill is dominated by a combination of the TV-day 
Treasury bill and a futures contract unless the condition of the proposition 
is satisfied. Because the bid-ask price spread increases with maturity, Prop- 
osition 1 also implies that P F > P%+ 9 JP%. Since, as we shall describe later, 
our data consist of bid Treasury-bill rates, the synthetic forward rate referred 
to henceforth is in bid rates. 

The differential market structure hypothesis suggests that equilibrium 
spreads between synthetic forward and futures rates arise primarily from 
premia for default and liquidity risks. Studying the relation between the 
structural organization of secondary markets and liquidity risk, Garbade 
and Silber (1979) suggest that the standard deviation of the equilibrium 
prices is the crucial determinant of liquidity risk. [See also Stoll (1985) for 
a review of the literature on the cost of liquidity for market makers in spot 
and futures markets.] A higher standard deviation of the interest rate on 
the underlying Treasury bill will, ceteris paribus, increase the liquidity 
risk per unit of time borne by traders from the time they decide to trade 
until the time the trade is completed. The costs of investigation and mon- 



9 Economic theory [for example, Merton (1974)] suggest that default cost is increasing with maturity. In 
addition, Capozza and Cornell (1979) and Elton, Gruber, and Rentzler (1984) estimate that d N+9l > d N > 
t N+9l . Proposition 1 holds in this case as well. 



363 



The Review of Financial Studies/ Winter, 1988 



itoring associated with default are also positively related to the standard 
deviation of the return on the underlying asset, so that the differential 
market structure hypothesis implies that forward-futures rates spreads are 
positively related to that standard deviation. 

Because the standard deviation of spot interest rates is an important 
(positive) determinant of both default and liquidity risks, it is interesting 
to decompose the forward-futures spreads into liquidity and default pre- 
mia. Two proxies are proposed for the liquidity risk reflected in the for- 
ward-futures spreads: (1) the spread between rates on federal agency bills 
and Treasury bills and (2) the ratio of the average (over the month) daily 
volumes of transactions in futures and spot Treasury-bill markets. The latter 
proxy is based on Garbade and Silber (1979), who advance the frequency 
of market clearings as an important determinant of market liquidity. The 
former proxy is based on the Garbade and Hunt (1978) study of the spreads 
between rates on short-term federal agency bills and Treasury bills. These 
spreads may reflect differences in both liquidity and default risks. However, 
Garbade and Hunt report that liquidity differences, rather than credit risk, 
are the primary determinant of these spreads. 10 The microstructures of the 
secondary markets for federal agency bills and for Treasury bills are nearly 
identical, and government securities dealers are the key participants in 
either market. However, the market for federal agency bills lacks the liq- 
uidity of the Treasury-bill market. 

Two proxies are proposed for the default risk reflected in forward-futures 
spreads, based on Fama's (1986) study of default premia in money market 
instruments. The first proxy is the spread between rates on domestic cer- 
tificates of deposits (CDs) and Treasury bills. Domestic CDs are subject to 
default risk because FDIC insurance covers only up to $100,000 of a depos- 
itor's funds. The microstructure of the secondary market in CDs is nearly 
identical to the secondary Treasury bill market. Moreover, commercial 
banks constitute more than one-third of government securities dealers 
[Cook (1986)]. 

Because the market for CDs is, however, less liquid than the Treasury- 
bill market, the CD-Treasury-bill spread could capture some liquidity risk 
as well. In his study, Fama (1986) reports that the default premia in the 
various money market instruments are . inversely related to the stage of the 
business cycle. Hence, the second proxy for the default premium is the 
percentage change, over the preceding month, in the Composite Index of 
Coincident Indicators. 11 The index consists of series that "tend to coincide" 



10 Reviewing the markets for short-term federal agency securities, Howell (1986) reports: "[federal agency] 
securities are issued under the authority of Congress and are subject to the same general regulation as 
those governing U.S. Treasury securities. As a result, investors generally perceive agency securities as 
carrying almost as low a degree of default risk as Treasury securities" (p. 50). 

" The monthly percentage changes in the index were regressed over the lagged 12 values for the periods 
(that correspond to possibly different monetary regimes during 1976-1985): 1966-1976, 1966-1979, 1966- 
1982, and 1966-1985. Only the coefficients of the 6rst lag were significantly different from zero at the 5 
percent level. 
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with business cycle turns [U.S. Dept. of Commerce Handbook of Cyclical 
Indicators (1984)]. 

Federal agency-Treasury-bill spreads and CD-Treasury-bill spreads pri- 
marily reflect three factors: factors that are unique to federal agency bills 
or CDs such as tax rules or reserve requirements, liquidity or default pref- 
erences of the traders in these markets, and "nonunique" economic factors 
that affect the cost of liquidity or default such as interest rate volatility or 
the stage of the business cycle. The "unique" factors would only add noise 
to the regressions. However, the changes in unique factors or in traders' 
tastes do not appear to be frequent or substantial enough to explain the 
observed variations in these spreads over time. Moreover, government 
security dealers play an important role in all these markets as well as in 
the interest rates futures markets. Consequently, to the extent that varia- 
tions over time in the federal agency-Treasury-bills spread reflect the effects 
of the second and third factors, these variations could be useful in explain- 
ing variations over time in the liquidity premium embedded in the forward- 
futures spreads. Similarly, to the extent that variations over time in the 
CD-Treasury-bill spread reflect the effects of the second and third factors, 
these variations could be useful in explaining variations over time in the 
default premium embedded in the forward-futures spreads. 

To summarize, the differential market structure hypothesis implies that 
the spread between forward and futures rates on thirteen-week Treasury 
bills is positive and is positively related to default risk proxies and liquidity 
risk proxies. Both default risk and liquidity risk are positively related to 
the standard deviation of the interest rate on the underlying Treasury bill. 
Default risk is also measured by time variations in the CD-Treasury-bill 
spread and negatively by monthly percentage changes in the index of 
coincident indicators. Liquidity risk is also measured by time variations in 
the federal agency bill-Treasury-bill spread and the futures-spot volume 
of transactions ratio. 



3. The Empirical Evidence 

Our sample consists of nearest-maturity Treasury-bill futures contracts traded 
from June 1976 to December 1985. The contract, which calls for a delivery 
of 13-week Treasury bills with $1 million face value, expires on a quarterly 
basis (March, June, etc.). The settlement discount rates on these contracts 
were collected from various issues of the International Monetary Market 
Yearbook. We investigate forward-futures rates spreads 13 weeks and 4 
weeks before the delivery day. The forward discount rates were calculated 
from the bid discount rates on two spot Treasury bills: one maturing on 
the delivery day of the futures contract and one maturing 13 weeks later 
which is, therefore, deliverable against the futures contract. This method 
is consistent with Capozza and Cornell (1979), Rendleman and Carabini 
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(1979), and Elton, Gruber, and Rentzler (1984). 12 Spot rates for 26-week 
and 13-week Treasury bills were provided by the Federal Reserve Board, 
whereas spot rates for the four-week and 17-week bills were collected from 
the Wall Street Journal Spot rates were observed up to an hour after futures 
rates. As will be shown later, the use of nonsynchronous spot and futures 
prices leads to smaller futures-forward spreads than those reported in 
Elton, Gruber, and Rentzler (1984) for synchronous prices. 

As an estimate of the standard deviation of spot rates, we used the sample 
standard deviation of daily changes in spot rates on three-month Treasury 
bills over the 31 business days preceding the trading day. The rates were 
provided by the Federal Reserve Board. Because futures contracts are traded 
on a quarterly cycle, either series of sample standard deviations consists 
of nonoverlapping observations. 

The ratio of futures to spot trading volume was calculated for each month 
in the following way: The average daily volume of trading (number of 
contracts) in the futures market was calculated each month from the Inter- 
national Monetary Market Yearbook. The average of daily transactions by 
U.S. government security dealers in the secondary spot Treasury-bill market 
(of up to one-year bills, in $1 million of face value) for each month was 
taken from the Federal Reserve Bulletin.™ 

Federal agency bill-Treasury bill (bid) rates spreads for securities with 
three months and one month to maturity were collected from Analytical 
Record of Yields and Yield Spreadsby Salomon Brothers (1986). The spreads 
are reported monthly based on the last business day of the previous month. 
The spread used is that of the month preceding the date the forward- 
futures spread is observed. Rates on one- and three-month domestic CDs 
were provided by the Federal Reserve Board. The CD-Treasury-bill spreads 
were observed on the business day preceding the day the forward-futures 
spreads were observed. Both the federal agency and CD rates were con- 
verted into discount rates based on Stigum (1981). We used spreads on 
federal agency, CD, and Treasury bill rates with three months to maturity 
when the futures and forward contracts had 13 weeks until delivery. We 
used spreads on bills with one month to maturity when the futures and 
forward contracts had four weeks until delivery. Finally, monthly data on 
the composite index of coincident indicators are from the Citibank Data 
Base. 



11 Examining quote sheets of a major financial intermediary, it appears that the bid and ask spread was almost 
constant over the sample period. [See also Capozza and Cornell (1979, fn. 5).] Capozza and Cornell (1979) 
and Elton, Gruber, and Rentzler (1984) also report that the short-sale cost is an almost constant annualized 
rate of 0.5 percent of the bill price. Hence, these costs do not fully capture the time-varying liquidity or 
default premium demanded by investors. Therefore, both liquidity and default risks are reflected in bid 
rates. Moreover, these reported costs are too small and invariant to affect the results of this study. 

13 These averages are based on periods that included a few business days following the day on which the 
rates were observed. Moreover, it is possible for trading volume on a specific futures contract to behave 
differently than the overall volume. For example, the volume on the nearest-maturity contract usually falls 
when the delivery date is close. All the tests were repeated using the average (over the preceding 10 
business days) daily volume on the nearest-maturity futures contract alone. The results were similar to 
those reported. 
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Table 2 

Summary statistics of the data, June 1976-December 1985 

Quarterly horizon Monthly horizon 



Forward-futures spread, in percent 



Mean 


0.40 


0.27 


Standard error of mean 


0.06 


0.05 


r-statistics 


6.64 


5.46 


Highest 


1.75 


1.18 


Lowest 


-0.09 


-0.19 


"Pure arbitrage" net profits, in dollars 






Average 


924 


778 


Highest 


3050 


2452 


Federal agency-Treasury-bill spread, in percent 




0.63 


Mean 


0.22 


Standard error of mean 


0.04 


0.12 


CD-Treasury-bil! spread, in percent 






Mean 


0.84 


1.11 


Standard error of mean 


0.12 


0.15 



There are 38 observations. A pure arbitrage strategy Involves buying the lower-priced contract and financing 
it by short-selling the higher-priced contract between synthetic forward and futures contracts on 91 -day 
Treasury bills with $1 million face value. Transaction costs in these arbitrages are assumed to be $175 plus 
0.5 percent of the principal multiplied by the number of days to delivery and divided by 365 [Elton, Gruber, 
and Rentzler (1984)]. Monthly forward-futures spreads are on 91 -day bills, whereas the monthly federal 
agency-Treasury-bill spreads and the monthly CD-Treasury-bill spreads are on one-month bills. 

Table 2 shows the summary statistics of the spreads. Futures rates are 
lower than forward rates in 72 out of the 76 observations in our sample. 
The average spreads of 40 and 27 basis points for the 13-week and 4-week 
contracts, respectively, are highly significant. (A basis point on a 91 -day 
Treasury bill is worth $25.28.) The evidence is consistent with the differ- 
ential market structure hypothesis. It is also consistent with the evidence 
reported in Elton, Gruber, and Rentzler (1984) for synchronous intraday 
spot and futures prices. In a pure arbitrage strategy the futures or synthetic 
forward contract with the lower price is purchased and financed by short- 
selling the higher-priced contract. Based on the transactions costs assumed 
in Elton, Gruber, and Rentzler (1984), there were significant "pure arbi- 
trage" profits in both horizons. The average profits of $924 and $778 are 
smaller than those reported in Elton, Gruber, and Rentzler (1984) for 
synchronous intraday spot and futures prices. Hence, the results indicate 
substantial net "arbitrage" profits in markets in which one-way arbitrageurs 
have substantially lower transaction costs than pure arbitrageurs. More 
important, futures prices are higher than forward prices in all the obser- 
vations with net "arbitrage" profits. 14 



14 First, the differential cash flow hypothesis postulates that Treasury-bill futures rates are higher than forward 
rates [Cox, Ingersoll, and Ross (1981, p, 332)]. Second, the delivery timing option available to sellers of 
futures contracts should also reduce the equilibrium futures price [Gay and Manaster (1984)]. These need 
not be inconsistent with the evidence presented here. Elton, Gruber, and Rentzler (1984) reported that 
the cash flow difference effect on the nearest-maturity Treasury-bill futures contract is negligible, and Gay 
and Manaster (1984, 1986) reported that the delivery timing option is of little value in both commodity 
and financial futures markets. Hence, the effects of the differences in liquidity and default risks have more 
than offset any possible effects of delivery timing options and cash flow differences. 
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Table 3 

Regressions of forward- futures rates spreads on the standard deviation of dally changes In 13- 
week Treasury-bill rates, June 1976 to December 1985 





Intercept 


a 


R 2 


SE 


Durbin- 
Watson 


Quarterly horizon 


0.06 
(1.21) 


0.31* 

(4.87) 


0.51 


0.26 


1.56 


Monthly horizon 


0.08 
(1.24) 


0.33* 
(3.43) 


0.39 


0.24 


2.00 
(-0.28) 



There are 38 observations, b is the estimated standard deviation of three-month Treasury-bill spot rates. 
SE is the regression standard error. Ts tat i sties, calculated using White's (1980) heteroskedasticity-con- 
sistent covariance estimators, are in parentheses below the coefficients. The DurbinWatson value in the 
quarterly regression is higher than the critical upper value (5 percent level), but the monthly regression 
was corrected for first-order serial correlation. The estimated vlaue of the first-order correlation used in 
the correction is in parentheses below the Durbin Watson value. 
• Significant at 0.1 percent. 

The mean of the forward-futures spreads lies between the means of the 
federal agency-Treasury-bill and CD-Treasury-bill spreads. (The monthly 
average forward-futures rate spread is lower than the other two spreads. 
But forward and futures rates are on a three-month underlying security, 
whereas the other rates are on one-month securities. Consequently, the 
mean of the monthly forward-futures price spreads is three times as large 
and lies between the means of the other two price spreads.) 

Tables 3, 4, and 5 show the results of the quarterly and monthly regres- 
sions of the forward-futures rates spread on the estimated standard devia- 
tion of the spot rates and on the liquidity and default proxies. 15 Consistent 
with the differential market structure hypothesis, the coefficients of the 
estimated standard deviations are significantly positive (at the 0.1 percent 
level) in both regressions, and variation in the estimated standard devia- 
tions of interest rates explains 51 percent and 39 percent of the variations 
in the quarterly and monthly forward-futures spreads, respectively. 

The data in Table 3 explain the success of the Treasury-bill futures market 
even in the presence of a highly liquid spot market. The higher volatility 
of spot interest rates in the late 1970s increased the costs of liquidity and 
default faced by all traders in the secondary markets for government secu- 
rities. This created a need for a more efficient trading structure. The results 
in Table 3, hence, show that the reasons for the spot-futures price dis- 
parities are the same factors that explain the very existence of futures 
contracts. 

Both the liquidity and default risk proxies are significant in the regres- 
sions shown in Tables 4 and 5; they explain up to 65 percent and 68 percent 
of the variations in the forward-futures spreads in the quarterly and monthly 



15 The estimated variances of the residuals from October 1979 to October 1982 were significantly higher (at 
0.001) than the estimated variances from June 1976 to September 1979 or November 1982 to December 
1985. Therefore, standard errors of the coefficients were estimated using White's (1980) heteroskedasticity- 
consistent covariance matrices. Furthermore, all the monthly regressions were corrected for first-order 
serial correlation. 
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Table 4 

Quarterly regressions of forward-futures rates spreads on proxies for liquidity and default 
premla, June 1976 to December 1985 



Intercept 


Liquidity risk proxy 

Federal Futures- 
agency- spot 
T-bill volume 
spread ratio 


Default risk proxy 

Index of 
CD-T-bill coincident 
spread indicators 




SE 


Durbin- 
Watson 


0.05 
(0.81) 


0.36 
(1.92) 




0,32** 

(3.19) 


0.62 


0.23 


1.74 


-0.03 
(-0.47) 




0.25** 

(2.82) 


0.27* 

(2.56) 


0.65 


0.22 


1.91 


0.30** 

(4.96) 


0.72** 

(4.00) 




-0.20** 

(-2.91) 


0.45 


0.28 


1.63 


0.08 
(1.15) 




0.43** 

(4.47) 


-0.07 
(-1.10) 


0.47 


0.27 


2.02 



There are 38 observations. SE is the regression standard error. 7"s talis tics, calculated using White's 
(1980) heteroskedasticity-consistent covariance estimators, are in parentheses. The critical upper Dur- 
bin-Watson value (5 percent level) is 1.59. 
♦ Significant at 2 percent. 
*♦ Significant at 1 percent. 



horizons, respectively. As Tables 4 and 5 show, the regressions using the 
CD-Treasury-bill spread perform much better than the regressions using 
the index of coincident indicators as a default proxy. The coefficients of 
the CD-Treasury-bill spreads are always significantly positive (at 2 percent 
or lower), whereas the coefficient of the monthly change in the index of 
coincident indicators is significantly negative (at 1 percent) in only one 
case and is insignificant in the other cases. 



Table 5 

Monthly regressions of forward-futures rates spreads on proxies for liquidity and default premla, 
June 1976 to December 1985 





Liquidity risk proxy 
Federal Futures- 


Default risk proxy 








Inter- 


agency- spot 
T-bill volume 


Index of 
CD-T-bill coincident 






Durbin- 


cept 


spread ratio 


spread indicators 




SE 


Watson 


0.02 


-0.00 


0.21** 


0.65 


0.19 


2.07 


(0.39) 


(-0.05) 


(3.60) 






(-0.40) 


0.06 


-0.11 


0.26** 


0.68 


0.18 


2.09 


(1.49) 


(-1.94) 


(4.90) 






(-0.43) 


0.12 


0.26** 


0.08 


0.48 


0.23 


2.21 


(1.76) 


(3.81) 


(1.42) 






(-0.40) 


0.11 


0.24* 


0.03 


0.22 


0.27 


1.94 


(1.15) 


(2.52) 


(0.50) 






(-0.28) 



There are 38 observations. SE is the regression standard error. 7"-statistics, calculated using White's 
(1980) heteroskedasticity-consistent covariance estimators, are in parentheses below the coefficients. 
All regressions were corrected for first-order serial correlation. The estimated values of the first-order 
correlation used in the corrections are in parentheses below the Durbin- Watson value. 
* Significant at 2 percent. 
** Significant at 1 percent. 
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The evidence concerning the liquidity premium is less clear. When the 
CD-Treasury-bill spread is used as the default premium, the coefficients 
of federal agency-Treasury-bill spreads are not significant at the 5 percent 
level in either horizon. The coefficient of the futures-spot trading volume 
ratio is significant (positive — at a 0.5 percent level) only in the quarterly 
horizon. It appears likely, however, that the CD-Treasury-bill spread cap- 
tures some liquidity premium as well. Indeed, when the percentage monthly 
change in the index of coincident indicators is used as the default proxy, 
the liquidity proxies are consistently significantly positive at a 2 percent 
level or lower. 

Finally, there is some evidence that, despite the argument advanced by 
Cornell (1981), changes in taxes on profits from futures and spot Treasury 
bills in 1981 did affect the equilibrium forward-futures spreads. In June 
1981, the Internal Revenue Service reduced the tax advantages, for non- 
professional traders, of using the futures Treasury-bill market rather than 
the spot market. To the extent that this has reduced futures trading and 
increased spot trading by nonprofessionals, the tax changes could have 
reduced the liquidity premium differential. On the other hand, to the extent 
that nonprofessional traders, who replace futures trading by spot trading, 
have a lower creditworthiness than professional traders, the tax changes 
could have increased the default premium differential. The regressions 
shown in Tables 4 and 5 were reestimated using a dummy variable for the 
post June 1981 tax regime (for the intercept and both proxies). There were 
no significant tax effects on the liquidity premia in either the quarterly or 
monthly horizons. The effects on the default premium in the monthly 
horizon were also insignificant. However, the quarterly regressions using 
the CD-Treasury-bills spreads as default proxies indicated a significant (at 
a 2 percent level or lower) increase in the default premium differential 
after June 1981. 16 

4. Conclusions 

The results provide strong support for the differential market structure 
hypothesis. Variations in forward-futures rate spreads are systematically 
related to the standard deviation of changes in the underlying spot rate 
and to variations in liquidity and default premia on other money market 
instruments. Hence, these spreads do not reflect inefficiencies in the Trea- 



16 First, this dummy, however, also distinguishes between a period in which the futures market was mostly 
an infant market and a period in which it was mature. Few financial institutions participated in the Treasury- 
bill futures market during the early years because of regulatory constraints and a costly learning process. 
Second, we examined whether the regression coefficients were stable under the different monetary regimes 
of June 1976 to September 1979, October 1979 to September 1982, and October 1982 to December 1985. 
The results were only marginally different from those reported. Third, we examined whether the spreads 
were related to the level of interest rates, as some term structure models imply [see Kane (1980)], or 
reflected "systematic" risk. The hypothesis that forward-futures spreads are not related to these factors 
cannot be rejected at conventional levels. 
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sury-bill markets but are an equilibrium phenomenon. Futures rates con- 
tain lower default premia and lower liquidity premia than forward rates. 

The results have implications well beyond the futures and forward mar- 
kets because the law of one price is a basic law of economics and the 
absence of arbitrage is a fundamental principle of finance. However, explicit 
transaction costs are almost always regarded as the only deterrent to arbi- 
trage. This study demonstrates that liquidity and default considerations 
may also be significant in limiting the scope of arbitrage. 17 

The introduction of futures contracts on financial instruments is one of 
the most important financial innovations in the past 20 years. However, in 
the absence of transaction costs or differential market trading structures, 
financial futures contracts are redundant. This article shows that financial 
futures markets are more efficient than even the highly liquid secondary 
markets for Treasury securities. The fact that the value of these transaction 
advantages varies directly with the volatility of the underlying interest rate 
explains the rapid emergence of financial futures in the late 1970s. The 
factors that account for the success of financial futures contracts, even in 
the presence of highly liquid forward contracts, also account for the observed 
differences between futures and forward prices. 

Appendix: One- Way Arbitrages in the Spot and Futures 
Treasury-Bill Markets 

Demand for futures contracts 

See Section 3 of the article. 

Supply of futures contracts 

The cost of supplying one futures contract is -$P F /t Ft valued on the deliv- 
ery date. Alternatively, investors who do not own (N + 91)-day bills can 
short-sell one (JV+ 91) -daybill and invest the proceeds in (^£+91/^+91^+91) 
(I/P&h) TV-day bills. Upon maturity, the jV-day bills are redeemed at a cost 
of - $[(P%+ 9 vPn)(1/ t N t„+ n d N+9l )]. If suppliers of future bills who do not 
own (N + 91) -day bills use the futures market, then 



If suppliers of future bills who own (N + 91) -day (d„+ 91 = 1) use the 
futures market, then 



"Frenkel and Levich (1977), for example, report frequent deviations from covered interest parity when 
foreign exchange markets are "turbulent" but no deviations when exchange markets are "tranquil." Amihud 
and Mendelson (1987), for example, report that differences in execution methods cause opening prices 
of NYSE stocks to behave differently than closing prices. 




(Al) 




(A2) 
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Demand for TV-day bill 

The cost of acquiring one TV-day bill in the spot market is $PH,t N . A long 
position in an TV-day bill can also be created by buying (t F /P F ) (TV + 91)- 
day bills at a cost of %[PN+^t N+9 ^{t F / P F )] and selling or short-selling (t F / 
P F ) futures T-bills. TV days later, the investor delivers the spot bills in 
fulfillment of the short futures position at a cost of -$1. If demanders of 
TV-day bills use the spot market for TV-day bills, then 

Pf <^i^!±2lk (A3) 

P N 

Supply of TV-day bill 

Investors who do not own TV-day bills. The cost of short-selling one 
TV-day bill is -$(P*/t„d„) . A short TV-day bill can also be created by selling 
or short-selling (l/P F t F ) (TV+ 91)-day bills and purchasing (l/P F t F ) futures 
contracts. TV days later, the investor pays $1 in fulfillment of the futures 
position, accepts delivery of (l/P F t F ) 91 -day bills, and delivers them in 
fulfillment of the short sale in the spot market. If suppliers who do not 
own (TV + 91)-day bills use the spot market for TV-day bills, then 



^£+91 ^N^i 



£^91 (A4) 



If suppliers who own (TV+ 91)-day bills (d„+ 9l = 1) use the spot market 
for TV-day bills, then 

u_ (A5) 



Investors who own TV-day bills (d„ = 1). If suppliers who do not own 

(TV + 91)-day bills use the spot market for TV-day bills, then 

P ^^T-Td- (A6) 

If suppliers who own (TV + 91) -day bills use the spot market for TV-day 
bills, then 

P B t 

^±9. (A7) 

Demand for (TV + 91)-day bill 

A long position in one (TV + 91)-day bill can also be created by buying 
(P F t F ) TV-day bills and one futures contract. If demanders use the (TV + 90- 
day spot market, then 

P F > ^ (A8) 

Pn 
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Supply of (TV + 91)-day bills 

Investors who do not own (N + 91)-day bills. A short position in one 
(N + 91)-day bill can also be created by selling or short-selling (P F /t F ) 
Af-day bills and selling one futures contract. If suppliers of (TV + 91) -day 
bills who do not own TV-day bills use the spot market for (N + 91)-day 
bills, then 

^ P%+ 91 t N t F d N ( . 

If suppliers of (N + 91)-day bills who own TV-day bills use the spot 
market for (N + 91) -day bills, then 

p ^p^_^_ (A10) 

r N *N+91 M JV+91 

Investors who own (N 4- 91)-day bills. If suppliers of (N + 91) -day 
bills who do not own N-dzy bills use the spot market for (N + 91)-day 
bills, then 

P F <^Mld» (A11 ) 

If suppliers of (N + 91) -day bills who own TV-day bills use the spot 
market for (TV + 91)-day bills, then 
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